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PREFACE

This is one of a continuing series of reports of the Ford Foundation

sponsored Research Program in University Administration at the University

of California, Berkeley. The guiding purpose of the Program is to under-

take quantitative research which will assist university administrators

and other individuals seriously concerned with the management of university

systems both to understand the basic functions of their complex systems

and to utilize effectively the tools of modern management in the alloca-

tion of educational resources.

In this paper we present SPACE, a Space Planning And Cost Estimating

simulation model designed to allow analysis of alternative class scheduling

patterns and their consequent resource demands. Several illustrative

examples of the model's use are given, with documentation of the valida-

tion procedures using data from the University of California. The examples

show that changes in class scheduling patterns have no significant effect

on total operating and capital costs. A listing of the computer program

and the input data specifications are included in the Appendix.

This research was initiated and conducted in the Office of the Vice

President--Planning of the University of California and was partially

supported by the California Coordinating Council for Higher Education.

The authors wish to express their gratitude to Leonard Jay Jacobson of

Mathematica for patient counsel which resulted in the avoidance of many

pitfalls; to Maggie Hardy; and to John Lafler, whose many insights and

ingenious "mathemachinations" gxeatly improved the initial design, and

whose programming of the FAMSIX module made the whole thing possible.
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INTRODUCTION

A 1970 resolution by the California legislature called for an extra-

ordinary increase in classroom utilization by the University of California

and the California State Colleges. The California Coordinating Council

for Higher Education (CCHE) sought to develop an objective mechanism for

estab7Ashing realistic utilization standards with appropriate consideration

of any demonstrable effects on both operating and capital costs. Mathematica,

Inc., undertook and completed a mammoth mathematical modelling effort under

severe time constraints.) Unfortunately, the Facilities Analysis Model

(FAM) was not sufficiently flexible to allow detailed analysis of the

alternatives under consideration. The SPACE project began as an attempt to

modify FAM to be more accurate and more useful to physical planners in

higher education.

The University's efforts at modification were soon abandoned as un-

workable, and a new model called SPACE (Space Planning And Cost Estimating)

was developed, drawing heavily on Mathematica's experiences but differing

substantially in several fundamental respects. As E. result the SPACE model

is in operation at the University and, with a few modifications, is being

prepared for implementation by the California State University and Colleges'

Office of Analytic Studies.

SPACE is a computerized simulation model designed to provide planning

data for managers of institutions of higher education. It is primarily

concerned with the physical facilities for departments of instruction and

research. SPACE relates enrollments, cleat.: scheduling policies, class

1Mathematica, Inc., "The CCEE Facilities Analysis Model," Vols. I-IV,
Princeton, New Jersey, December 1970.
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size policies, and faculty workload policies to physical resource needs

and the resulting utilization rates of classrooms and class laboratories.

SPACE also computes the faculty needs, the associated current costs, and

converts the capital costs to comparable annual costs.

In its present stage of development, SPACE is confined to the "I&R"

departments and thus cannot serve all the planning needs met by RRPM or

CAMPUS. On the other hand, its moderate size and its conc Ation on

physical resources provide an easily manageable tool for answ..ing a sig-

nificant number of what-if questions at a level of detail not available

in the more general models. Furthermore, to our knowledge, SPACE is the

only operational model with the capability of simulating both the time

scheduling of classes and the assignment of classes to instructional rooms.

As a tool for University planning SPACE can help improve the physical

planning process by augmenting and refining the calculations of facilities

needs--calculations frequently made without e:xplicit consideration of such

factors as class size policies and faculty workload policies.

It is with regard to these functional policy alternatives that SPACE

should prove most useful. Typical what-if questions within the domain of

SPACE include:

1. What if class schedules are extended beyond the normal daytime

hours?

2. What if faculty workloads and/or staffing patterns are changed?

3. What if a specific new program is added (or a specific existing

program is eliminated) at a particular campus?

4. What if classes larger (and/or smaller) than certain sizes are

eliminated in certain (or all) programs?

Answering such questions in terms of the probable effects on resource

requirements is a fundamental role of both statewide and campus academic
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and facilities planners. SPACE can reduce the staff effort and time

required to perform these calculations and should also substantially

improve the accuracy of the answers.



MODEL DESCRIPTION

Model Overview

4

SPACE is composed of two separate modules, FAMSIX and VARICOS, each

of which is written in FORTRAN IV. The modules can be run separately or

in tandem, with FAMSIX providing a machine-readable file for use as input

to VARICOS.

FAMSIX performs sequentieliy the 6 basic operations listed below.

These are repeated for each year of the planning horizon. In its current

form, the maximum number of years in the planning horizon is 10.

1. A Gaussian pseudo-random number g.luerator operates on -::sekly

student hour input to produce 3 preliminary total of weekly

room hours. The level of aggregation is class size range,

discipline, class type (lab or non-lab), and course level.

2. Classes are assigned to hours of the weak according to a

priority schedule which reflects the user's preferences for the

distribution of class hours. (Note: Classes are treated as

integral units in that no fractional class hours are generated.)

3. The effects of scheduling on average class size (time-preferences)

are computed using a combination of linear and exponential rela-

tionships. The initial distribution of classes to class size

ranges is adjusted to account for this phenomenon while keeping

the original total of weekly student hours intact.

4. Classes of each size are assigned to rooms of appropriate sizes

by a randomization routine governed by user-defined parameters.

5. For each hour of the week, the current inventory of classrooms

and class labs is compared to needs. If rooms are needed but

not available, the inventory is checked for the availability of

rooms which are larger than required and the overflow is assigned

where possible. If there are no larger rooms available, or if

there is an inadequate number, rooms of the appropriate type and

size are "constructed."
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6. Utilization statistics are computed for each classroom size and

for each class lab size, the class labs being further distinguished

by discipline and level.

VARICOS is basically Ln accounting module with 4 component operations

which are repeated for each year of the planning horizon:

1. Weekly room hours (generally but not necessarily from FAMSIX) and

enrollment projections are operated on by functions defined in

terms of workload and other parameters to compute faculty staff-

ing needs by rank.

2. Faculty office and research space needs are computed along with

the associated support space needs. These needs are compared to

the existing Inventory and new space is "built" where needed.

3. Faculty salaries, support costs, and facilities maintenance and

operating costs are computed.

4. Two kinds of capital costs are computed. The first are project

costs, i.e., what is commonly called total capital outlay. The

second set of costs are the annual cash flow needed from the

State or other funding agency. It is assumed that physical faci-

lities are financed by the issuance of bonds, and that the issues

are sequenced according to the costs ii..curred during the planning

and construction period (i.e., the 4 years prior to the first

usage of the facility).

FAMSIX - Module Descridtion

This section details the operating logic of the six components of the

FAMSIX module described briefly above. These calculations are repeated

for each iteration of the test run. A program flow chart is included to

assist the reader in understanding the sequencing of the components and

their interrelationships within the model. The underlying mathematics are

not spelled out, but examples are provided to give the reader a feel for
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the processes involved. An attempt has been made to provide enough de-

tail so that a programmer examining the program code will have adequate

guidelines but not so much that the non-technician will be bogged ',own.

The Generation of Initial Weekly Class Hour Totals from Weekly Student

Hour Inputs

FAMSIX is driven by Lab and Non-lab Weekly Student Hour inputs.

(These are displayed at the user's option in Table 101.) Historically

the distribution of WSH for any given discipline and course level varies

greatly across class sizes, both for Non-lab and for Lab classes. Since

it is impossible to predict with certainty these distributions, FAMSIX

operates under the assumption that the proportion of WSH in each of the

15 class size ranges varies normally for any category. It further assumes

that the average class size in each class size range is constant.

Thus, for each discipline, course level, and class type, FAMSIX cal-

culates the proportion of WSH in each class size range by a Gaussian pseudo-

random number generator. For each category, the random number generator

is given the mean proportion and the standard deviation for each class

size range. It returns the proportion of WSH in the class size range (set

equal to zero if negative). Since the 15 proportions thus determined

generally will not sum to 1.0, they are scaled proportionately until they

do sum to 1.0. The resulting proportions are then multiplied by the total

WSH for the category to determine the number of WSH in each class size

range.

Each of these numbers is then divided by the (fixed) average class

size in the respective class size range to give initial numbers of Weekly

Class Hours. Since the average class size generally will not exactly
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divide the number of WSH, the resulting WCH figures are rounded. These

"integerized" WCH numbers are the numbers or. which FAMSIX continues to

operate. They are not the final numbers of Weekly Room Hours. They are

displayed at the user's option in Table 211 (Non-Lab) and in Table 212

(Lab).

Note that if desired the mean values for class size distribution

may be chosen to be negative inputs. In such cases, the category will

have extremely different class size distributions from one iteration

(year) to the next, and may even disappear in some iterations. This is

a useful device for a category (discipline, level, and class type) in

which such extreme variation is characteristic, either in fact or because

the data are reported inconsistently.

The Assignment of Weekly Class Hours to Hours of the Week

The assignment of Weekly Class Hours to the hours of the week is made

through the mechanism of a "priority schedule." There is a separate

schedule for each class type (Lab and Non-lab). The priority schedule

associates with each hour of the week zero, one, or more priority numbers.

The relative number of such priority numbers associated with each hour

represents the relative distribution of class hours to the hours of the

week. The size of the priority numbers associated with any hour reflects

the degree of preference for classes in that hour. Thus, if the 37th hour

is assigned one priority number and the 1st hour is assigned 5 priority

numbers, class hours will be scheduled into the 1st hour 5 times as often

as they are scheduled into the 37th hour. Furthermore, if the priority

number assigned to the 37th hour is large, e.g., 110, and if the set of

priority numbers assigned to the 1st hour includes smaller values,
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e.g., 1, 15, 70, 105, and 115, then the 1st hour will tend to have larger

classes scheduled in it than w.11 the 37th hour.

The medhantsm works like this: There are (in the model) 96 possible

hours of operation in a week. There are 250 possible priority numbers,

p , of which n are chosen to be associated with the 96 hours (p = 1, n;

n < 250). FAMSIX treats the class hours as if they were ordered in a long

list beginning with the largest classes and ending with the smallest. With-

in each class size range the class hours are ordered by course level and

within course level by discipline. Then for hour h , with priority number

p , the pth class hour in the list and every nth class hour in the list

thereafter are scheduled for hour h . In the example above, if n were

200, hour 1 would receive the 1st, 201st, 401st,... class hours in the list.

It would also receive the 15th, 215th, 415th,...; the 70th, 270th, 470th,...;

the 105th, 305th, 505th,...; and finally the 116th, 316th, 516th,... class

hours in the list. Hour 37 on the other hand would receive only the 110th,

310th, 510th,... class hours. Clearly the 37th hour will receive approxi-

mately one-fifth as many class hours as the 1st hour. Because of the

ordering of the list from large classes to small, the 37th hour will also

receive smaller classes on average than the 1st.

The Effects of Scheduling on Average Class Size - "Hour-Size Function"

Historical data gathered at the University reveal that, ceteris

paribus, class size varies according to the hour at which the class is

scheduled and the number of classes which are scheduled in the hour. Most

classes would attract fewer students at 6 p.m. than at 10 a.m., and fewer

on Saturday than on Monday. Furthermore, it is obvious that if a great

many classes are offered in any hour, the last one scheduled will be



9

smaller than it would have be,rn it it had been scheduled at an equally

attractive hour in which fewer classes were scheduled. This is true

because some of the students who would otherwise be attracted to the class

are more likely to have enrolled in other classes offered at that hour.

FAMSIX simulates this effect by altering the average class size in

any given hour according to the "hour-size function." This function relates

the expected average class size to an altered average class size by multi-

plying the expected size by a factor f . The product is the altered

average class size. The factor f is determined by the following function:

f = c pY;

where:

c = a scalar multiplier which is a function of the hour in question,

p = the proportion of WSH in the given hour, and

y = some exponent.
2

The application of the function to the Weekly Class Hours generated by

FAMSIX is somewhat complicated since FAMSIX assumes that the average class

size in each class size range is fixed. Furthermore, it is not desirable

to increase or decrease the total number of WSH appreciably. Consequently,

2
The problem of determining reasonable values for c and y can be

greatly simplified by the following procedure:
1) Set y equal to some value near -0.25. This value has been

shown to be reasonable for U.C. studies.
2) Determine the approximate proportion of weekly student hours

in each hour of the week according to the way classes are
actually scheduled.

3) Solve
f = 1.0 = c pY

for c for each hour. For the actual schedule, the function
should leave class size unchanged. (Presumably the class-size-
distribution inputs are derived from actual data.) Thus, using
actual proportions, cpY should equal 1.0.



10

FAMSIX leaves the number of WS11 in each hour intact and changes the distri-

bution of classes to the class size ranges. The net effect is that the

number of class hours is altered so that the average class size over all

class size ranges is increased or decreased by the factor f . This new

number of class hours is then distributed to the disciplines and levels in

the same proportions as the original number of class hours. Care is taken

so that the number of weekly student hours within a discipline and level

is not altered appreciably by this process.

Example

Suppose that there are only 3 class size ranges and that the fixed
average sizes in those ranges are 10, 15, and 20. Further assume
that for the hour in question the factor f = 1.15, and the initial
distribution of class hours is as in the table below.

Size 1 Size 2 Size 3 Weekly Student Average Class
(10) 05) (20) Hours Size

15 20 0 450 12.86

FAMSIX first changes the 20 classes of size 2 (i.e., 15 students each)
so that the average will be, as nearly as possible, 15 x 1.15 = 1/.25,
retaining closely the 300 WSH generated by the original 20 classes of
15 students each.

Size 1 Size 2 Size 3 WSH ACS

9 8 295 17.35

FAMSIX then notes that it is 5 WSH short. Adding these to the 150
generated by the size 1 classes, it changes these 15 class hours so
that the average will be nearly 10 x 1.15 = 11.5.

Size 1 Size 2 Size 3 WSH ACS

9 4 150 11.5

Nothing could be done with the 5 WSH, so they are lost. (The greatest
error in this process is a gain or loss of 1/2 the fixed average class
size of the smallest class size range.)

The net effect of these changes is summarized below.
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Size 1 Size 2 Size 3 WSH ACS

9 13 8 445 14.8

The altered average class size target was 1.15 x 12.86 = 14.8 .

Note that the initial number of class hours is 35. The final number
determined by the hour-size function is 450/14.8 = 30 .

Assignment of Classes to Rooms

Each quarter or semester, some time before students enroll in their

courses, departments determine their course offerings and the campus

Registrar (or other class scheduling agency) must determine the facilities

to be reserved for those courses. Using departmental predictions and

past experience as guides, the Registrar is able to make some estimates of

the class sizes which will be generated by those courses. Since it is

generally impossible to determine the exact course enrollments and class

sizes, the distribution of actual classes to class size ranges will differ

from the predicted distribution. In an effort to minimize the amount of

facilities reassignment, the Registrar will generally try to provide rooms

so that classes which turn out to be larger than expected will seldom have

to be reassigned to other facilities. The effect of this hedge against

possible chaos is some "looseness" in the relationship of the sizes of

the classes to the sizes of the rooms to which those classes are assigned.

FANSIX simulates this effect in two stages. The first stage is accom-

plished with the help of the pseudo-random number generator. For each

class size range, the probability distribution of classes to room size

ranges is an input to the model. Each class hour generated via the hour-

size function routine is associated with a "request" for a room (classroom

in the case of non-lab classes and class lab in the case of lab classes.)
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The size of the room is determined by the random number generator operating

on the distribution parameters.

Each class hour is treated separately so that fractions of classes

are not associated with room "requests." For example, suppose:

0.25 = probability that class of size 3 is associated

with room of size 3;

0.75 = probability that class of size 3 is associated

with room of size 4; and

5 = number of class hours of size 3 generated in

some hour.

A strict application of the probabilities world yield 1.25 classes assigned

to rooms of size 3, and 3.75 classes assigned to rooms of size 4. Since

FAMSIX treats class hours as integral units, such a method is inadequate.

FAMSIX, in fact, could assign all 5 classes to rooms of size 4, for all 5

to rooms of size 3. On average, however, 1/4 of all classes (across all

hours and years) of size 3 would be associated with requests for rooms of

size 3 and the rest with rooms of size 4.

For reasons which will become obvious after reading the next section,

the parameters of the class-size-to-room-size distributions should not be

identical to historical distributions. Rather, they should reflect the

Registrar's effort to avoid chaos in logically identifying room size re-

quests with predictions of class sizes. Thus, if it were possible to know

class sizes with certainty before making room assignments, the most reasonable

distribution would assign a class of size x to a room of size x with

probability 1.



13

Spill-Up and New Construction

The second stage of the class to room assignment routine is the

"spill-up" operation. For each hour of the week the room requests are

compared with the current inventory, beginning with the requests for the

largest rooms. If the inventory is inadequate to the needs for a particu-

lar room size, rooms of larger sizes are made available If they have not

already been claimed. If rooms are still needed after the search has been

made for unclaimed rooms of that size or larger, the model "builds" them,

and they are added to the inventory. It is this spill-up process that

requires the class-size-to-room-size distribution discussed above to be

a theoretical distribution. Some spilling up occurs in fact and would be

reflected in a historically derived distribution. Using the historical

distribution would, therefore, result in spilling-up twice.

FAMSIX has one category of classrooms, and thus assumes that any

non-lab class can be assigned to any classroom, provided only that the

room is large enough. This assumption is not, of course, entirely realis-

tic because some classrooms should have special facilities for certain

non-lab classes--e.g., lecture-demonstration facilities for certain science

lecture classes--and those specific classes should be assigned to those

rooms, even if some of those classes are much smaller than the room. But

it is impractical to include the capability of simulating those and other

realistic complexities in FAMSIX's handling of non-lab classes, not only

because the computer core requirements would be greatly increased, but

also because the input data requirements would be inordinately large.

Presumably, however, this simplification does not cause the classroom

requirements computed by FAMSIX to be significantly different from those

which would be generated by the more "realistic" model, at least in terms
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of the total required floor area.

Lab classes are treated differently than non-lab classes. A lab

class must be assigned to a class lab appropriate to the particular level

and discipline of the class. Thus, all Arts lab classes arc assigned to

Arts class labs. Currently, there is a similar one-to-one relationship

for the level of the class and the level of the laboratory. This identity

is a proxy for the real-life non-interchangeability of labs between sub-

disciplines of a given discipline and some non-interchangeability among

levels. Future versions of the model will allow lab classes of level x

to be assigned to class labs of level y , providing that level y is at

least as high as level x .

The final distribution of classes by size to rooms by size for each

hour is displayed in Tables 401 (Non-lab) and 402 (Lab) at the user's

option.

Utilization Statistics and VARICOS Interface

After all preceding steps are completed for all hours of the week,

summary data are computed. Table 121 displays the final totals of WSH

by level, discipline, and class type. These are computed by multiplying

the final numbers of WCH (now identified as Weekly Room House, WRH) in

each class size range by the fixed average class size in that range.

The final numbers of WRH for each discipline and level by class size

are displayed in Tables 221 (Non-Lab) and 222 (Lab). The summary of these

data, excluding class size information, is stored externally for use by

VARICOS. The construction necessary to meet room requests is displayed

in Tables 501 (Non-lab) and 502 (Lab). The classrooms to be constructed

for use in the year in question are distinguished by size only. The labs
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FIGURE 1

FAM1X - Program Flow Chart

r11717,b----
EACH YEAR (B)

1

j DO 200
-1BY CLASS TYPE (D)

DISTRIBUTE WSH TO
CLASS SIZES BY (E)

DISC & LVL

NORMALIZE 6-24
GENERATE INITIAL (F)

WEEKLY CLASS HRS.

1

,50 300
(G)
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1

ASSIGN WCH TO HOUR
(H)BY SIZE, LVL, DISC
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WCH BY SIZE VIA (I)

HOUR-SIZE FUNCTION

ASSIGN CLASSES TO
(J)ROOM SIZES

COMPARE ROOM NEEDS
TO INVENTORY; SPILL/111
UP WHERE POSSIBLE;
BUILD WHERE NECESSARY
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& 212

COMPUTE NEW WSH
TOTALS & SUMMARIZE (
FINAL WRH TOTALS

TABLES 401
& 402

STATISTICS

200

TABLES 121,
21 & 222

TABLES 501
& 502

TABLES 301
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15

WRH BY
DISC, LVL
FOR YARN%

NEW ASF &
INVENTORY
BY DISC FOR
VARICOS

*Letters (A) - (N) are referenced in program listing. See Appendix.
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are further distinguished by discipline and level.

The inventory of assignable square feet is calculated along with the

ASF of newly completed space. This information is tagged by level and

discipline for class labs. Classrooms are arbitrarily identified with

Discipline #1. The ASF data rare also stored externally for use by VARICOS.

Tables 301 (Non-lab) and 302 (Lab) are the final outputs of FAMSIX.

They are displays of summary utilization rates for each room size and in

total. (The information is further disaggregated into disciplines and

levels for laboratory utilization summaries). The information displayed

separately for classrooms and class labs includes the current inventory

of rooms and stations, the number of WRH, WRH per room, Unweighted Station

Occupancy, WSH per station, ASF per station, and ASF per WSH.

VARICOS - Module Description

This section details the operating logic of the four components of

the VARICOS module described biiefly in the model overview. These compo-

nents are repeated for each iteration (year) of the test run. The general

level of detail corresponds to that of the FAMSIX module description.

Faculty Requirements

Faculty needs are generated from enrollment projections, Lab and Non-

lab weekly class hours (i.e., the weekly room-hours determined by FAMSIX),

a-1d a combination of student-faculty ratios and workload parameters. The

routine provides for special handling of Teaching Assistants because of

the important instructional role played by T.A.'s at the University of

California.
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VARICOS computes fmvr categories of faculty: T.A.'s and 3 categories

(not necessarily ranks) of non-T.A. faculty. The non-T.A. faculty will be

referred to as "regular" faculty in this description. The computation

takes place in four steps.

Step 1: Dividing the Workload

FAMSIX provides VARICOS with the number of WRH in each class type,

course level, and discipline. VARICOS inputs include the proportion

of WRH taught by T.A.'s and the proportion taught by regular faculty

in each category of WRH. These proportions are applied to the appro-

priate WRH figures to give the number of WRH in each category which

are taught by T.A.'s and the number which are taught by the regular

faculty.

Step 2: Assigning FTE to the Workload

VARICOS inputs also include the number of Weekly Faculty Contact

Hours (WFCH) p'r FTE, separately for T.A.'s and regular faculty, in

each of the WRH categories. The division of T.A.-taught WRH by the

workload parameter (WFCH/FTE-TA) in each category gives the number

of T.A.'s needed. The same operation using regular faculty workload

parameters provides a partial total of regular faculty needed.

Additional regular faculty can be generated on the basis of T.A.

supervision requirements. For each discipline and class type the

supervision factor, regular faculty FTE per T.A. FTE, is multiplied

by the number of T.A.'s generated and the product is then added to

the regular faculty subtotal.

Step 3: Generating Faculty via Enrollments

Additional regular faculty may be generated from student-faculty
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ratios for each of the four student levels. Enrollments by level and

major are multiplied by these ratios and the products added to the

subtotals from Step 2. Step 3 thus serves two functions: first, it

maybe used as the basis for generating faculty strictly from enroll-

ments by setting the workload parameters to zero; and, secondly, it

may be used to augment the faculty generated from workload factors

on the assumption that students generate a need for faculty to super-

vise independent study or other work not reflected in the WRH figures.

Step 4: Distributing the Regular Faculty to Ranks

For each discipline, the proportions of regular faculty in each of

the 3 ranks (or other categories) are data inputs. These proportions

are applied to the regular faculty discipline total to give, with the

T.A. figures, the final numbers of faculty in each rank and discipline.

Office and Research Space

There are 5 types of space requirements computed by VARICOS and FAMSIX:

1) Classrooms; 2) Class labs; 3) Research labs; 4) Offices; and 5) Support

space. The assignable square feet of the inventory and of the newly com-

pleted space are compiled separately. FAMSIX provides the figures for the

first two space types and VARICOS computes the figures for the last three.

In each non-class type of space, space-standards parameters are used to

determine the space needs. The needs are compared to the current inventory.

If the inventory is inadequate, the additional space needed is noted and

added to the inventory. Each discipline has its own space and hence its

own standards.

Research space requirements are computed as:
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(ASF/Regular faculty) x (Regular faculty) + (ASF/TA) x (TA's) +

(ASF/Level 3 majors) x (Level 3 majors) + (ASF/Level 4 majors) x

(Level 4 majors).

Normally, student majors of levels 3 and 4 are identified wiCa first and

second stage graduate students.

Office space needs are computed according to the same formula, sub-

stituting the appropriate space-standards parameters.

Support space requirements are computed as:

(ASF/Total Research & Office ASF) x (Total Research & Office ASF)

+ (ASF/Total class lab ASF) x (Total class lab ASF).

Faculty Salaries, Support, M&O-Plant

Because FAMSIX and VARICOS are primarily intended to provide planning

data related to class scheduling, no attempt has been made to compute total

operating costs. VARICOS therefore concentrates on those variable costs

which are most directly related to scheduling and to class-size policies,

viz., faculty salaries, departmental support, and physical plant maintenance

and operation.

Currently these computations are somewhat crude. Salaries are com-

puted for each rank and discipline by multiplying the average salaries

for each rank by the appropriate FTE figures. For each discipline the

departmental support per regular faculty FTE is a data input. This param-

eter is multiplied by the regular faculty FTE to get the support costs.

There is a single M&O-Plant factor for all types of space. The total M&O

cost is the product of this parameter and the total inventory ASF.

All dollar figures are "constant salary dollars," i.e., faculty salaries

and support costs are not inflated. M&O costs and construction costs are
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inflated, however, since these costs Irwe been rising more rapidly than

faculty salaries. The difference between the two actual rates of infla-

tion is the inflation factor applied to the space costs.

Capital Costs and Outlay

For each space type and discipline, the capital outlay per additional

ASF is a data input. For each year of the run, these parameters are

applied to the newly completed ASF to give the capital outlay generated.

Since planning and construction generally occur over a 4-year period

prior to occupation, the capital outlay is spread back over the four

years prior to the year the facility is first added to the inventory.

The outlay amounts, however, are not directly comparable to the salary,

support, and M&O cost figures since they actually reflect a multi-period

:ash flow from the funding agency. VARICOS assumes that all of the facili-

ties construction is financed through the issue of bonds and that the

issues are sequenced according to the pattern of cost incidence during

the planning and construction period. Therefore, the outlay figures are

distributed over the four-year period preceding the first occupation of

the facility and bonds are issued to meet those costs as they are incurred.

The debt-servicing of the bonds represents the economic costs of capital

construction which are most appropriately compared to the operating costs

already computed. It is the debt-service payments, therefore, which are

displayed for each year of the test run, along with the operating costs,

in Table C. For each iteration, Table B displays the year's capital outlay

and current inventories. Similarly, for each iteration, Table A displays

the year's faculty requirements and their associated costs.
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All initial testing of the model was performed with date from the

Santa Barbara campus of the University of California. When it was im-

possible to generate parameters from the available UCSB data, data from

other general campuses of the University were used. 3
The base year for

all model tests was the 1969-70 academic year.

It was found that SPACE is robust with regard to most parameter

changes and Monte Carlo perturbations when viewed from a macro level.

Overall class sizes, faculty requirements, facilities requirements, and

costs vary only slightly in response to modest parameter changes. On

the other hand, class size distributions and resource requirements vary

radically within particular disciplines and levels. This kind of varia-

tion was not only anticipated 1,t consciously sought because historical

data show substantially great, 7 variation from year to year within dis-

ciplines than for the campus as a whole. It is one of the major goals of

SPACE to demonstrate to University planners the ranges of needs which

must be considered in facilities planning.

Throughout the period of the model's development, numerous test runs

were made to determine the sensitivity of the results of parameter changes,

and to validate particular routines by comparing the outputs with histor-

ical data. Additional teat ruins were made to test the flexibility of

the model in answering what-if quevtions. The results were uniformly

favorable. In the three sections which follow, seven of the test runs,

typical of the lot, are discussed in relation to these purposes.

3
Berkeley, Davis, Irvine, Los Angeles, Riverside, San Diego, Santa

Barbara, and Santa Cruz.
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Validation Tests; Comparisons with UCSB History and with Current Planning

Methodology

For the purpose cf validating the model, two types of tests were made:

(1) straightforward comparisons of SPACE outputs with historical UCSB

data, and (2) comparisons of SPACE-generated assignable square feet (ASF)

requirements with the corresponding requirements computed by University of

California planning officers using the traditional methodology. 4

The first type of validation test was made using historical UCSB data

for the majority of SPACE inputs. Where UCSB data were incomplete or

inadequate, data from the University's other general campuses were adapted.

Enrollment data were estimated by assigning target three-term-average

headcount enrollment totals for undergraduate and graduate level students

to each discipline and, within each discipline, to four student levels on

the basis of historical proportions. This was done to reflect the uncer-

tainty in enrollment projections in the planning process, even though

actual enrollment data were available for the base year of the runs.

The complete data set for the validation tests will be referred to

as the "reference data set," and the base run using this data set as

"Run 10A." All sensitivity tests and validation tests involved comparisons

with Run 10A. The reference data set includes: (1) a 67-hour week, i.e.,

every hour in which at least one class was scheduled at UCSB in Fall 1969;

(2) a non-uniform distribution of class hours to the 67 hours, approxi-

mating the actual distribution at UCSB; (3) the Fall 1969 inventory of

4
The methodology consists essentially of multiplying student credit

hour projections by assignable square feet factors for each discipline and
space type. The calculations of faculty-generated apace are very similar
to those of the SPACE model, except for the generation of the faculty re-
quirements themselves.
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facilities; (4) weekly student hour projections generated by applying a

single induced course load matrix to the 10-year series of enrollment pro-

jections; (5) a theoretical class-size-to-room-size assignment matrix;
5

(6) estimated means and standard deviations of assumed Gaussian distribu-

tions of WSH to class-size ranges, reflecting 8-campus histories;
6

and

(7) non-uniform hour-size factors for lab classes.
7

Tables 1 and 2 show the WSH and WRH results for all non-lab classes

in the validation runs 10A and 10B. The only difference between the two

sets of data inputs is the starting point for the pseudo-random numaer

generators; all other data are identical. A comparison of the 'actual'

UCSB data with the outputs of the FAMSIX module shows that, for most of

the class size ranges, the numbers of WRH correspond closely in both mag-

nitude ani variance. For the smallest and largest classes, however, the

'actual' figures did not include the classes scheduled in locations other

than classrooms and class labs. The model includes more of the classes

which are actually taught at UCSB than did the utilization reports which

were the source of the 'actual' figures.

It is notable that the average claws eizes for the non-lab classes

vary modestly in the two runs (32.5 and 33.3 in 1969 to 35.7 and 32.9 in

1978, with 34.0 and 33.3 as the 10-year averages). This variation is

typical of the historical averages. A similar result holds for lab class

data. Also typical of UCSB history (and of the history of the other

5
See pages 11-14 of this report for a discussion of this matrix.

6
See pages 6-7 of this report for a discussion of these distributions.

7
See pages 8-11 of this report for a discussion of these factors.

N.B. c = 1.0 and y 0 for lab classes; i.e., in the reference data set
the hour-size factors leave the initial size distributions of lab classes
unaltered by the scheduling process.
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general campuses) is the more marked variation of class sizes within a

given discipline. Tables 3 and 4 show historical and FAMSIX class

size distributions in the physical sciences for each of the three course

levels.

Comparisons of historical utilization statistics and the utilization

statistics generated by Run 10A are presented in Tables 5 and 6. It

should be noted that at least two large rooms which are not classrooms

are used for large classes at Santa Barbara because the campus has no

classroom (i.e., no room so classified) with more than 354 stations. Those

non-classrooms' are excluded from the 'actual' classroom utilization

statistics, and thus also from the classroom inventory in the input data

to the model. SPACE 'constructed' three large classrooms f' the model-

generated classes which were larger than the largest classroom in the Fall

1969 inventory.

The SPACE utilization statistics reflect, among other factors, the

class-size-to-room-size assignments considered reasonable by the authors,

and do not represent an attempt to reproduce UCSB's actual utilization

rates.

The second type of validation test, comparison of the model's results

with the traditional U.C. methodology, was performed by excluding the 1969

inventory from the reference data set. Because of differing assumptions

regarding enrollment growth a meaningful comparison was possible only for

the year 1970-71. Only for this year were enrollment inputs nearly iden-

tical in total for hnth sets of calculations. Table 7 shows the results

for the model and the calculations of the U.C. space planners. The sloilar-

ity of the two sets of results is considered by the authors to be adequate

evidence of the viability of the model's methodology for augmenting the

planning process.
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Sensitivity Tests

The effects of the randomization procedures within the model on the

final outputs have already been alluded to in the rrevious sections. One

criterion for measuring the acceptability of class size perturbations is

based on the similarity of the range c-f SPACE-induced variations from one

run to the next with the range of historical variations from one year to

the next. It might be argued that the actual historical variation in class

size is an inappropriate base for making comparisons of Monte Carlo per-

turbations because of enrollment changes within the historical period. Two

factors mitigate in favor of the comparison however. First, the only prac-
i

tical basis of comparison is historical variation. It is obviously impossible

to reproduce exactly the conditions which lead to any historical outcome

preparatory to experimenting with the actual system. Certainly, however,

for any given student population, the class size distribution within any

discipline and level is determined stochastically. Secondly, there is no

clear trend in historical class-size averages induced by enrollment increases.

Presumably any of the historical class sizes are possible for any of the

historical enrollment totals; and consequently historical variations pro-

vide a good clue to the possibilities for any single year.

Tables 1, 2, 3, and 4 display the effects typical of a change

in the starting point of the randtm-number generator (Runs 10A and 10B)

on class size distributions. There is considerably greater variance

within a discipline and level than there is overall. For non-l.,1 classes

the overall change in average class size from one run to the other averages

2.1%. The smallest change for any year is 1%; the largest change is nearly

6.5%.
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The ten-year average of class size percentage differences for non-

lab, graduate, physical science classes is 16%. The smallest change for

any year is 3.4%; the largest change is 50%. These run-to-run variations

are generally consistent with the 1967-1969 historical variations for

this discipline, level, and class type.

The arguments legitimizing class-size comparisons of historical with

Monte Carlo variations will not hold for resource needs. Historical data

on resources expended at Santa Barbara reflect decision makers' prefer-

ences and political accident as much as actual need. In the test runs

made so far, SPACE has computed faculty requirements on a work1.oad basis,

and space requirements of faculty and graduate students on the basis of

CCHE standards. No effort has bean made to simulate the politics which

generate resources--only the operations which determine resource require-

ments. Nevertheless, variations of calculated resource needs are an

important consideration in determining the acceptability of the model for

planning. Variations much greater than 5% over the 10-year period seem

unacceptable to the authors.

Tables 8 and 9 display summary data for Runs lA and 18.8
Faculty

requirements differ by 1.8%, classroom ASF-years differ by 12.2%, class-

lab ASF-years by 1.0%, total ASF-years by 2.8%, salaries and support costs

by 1.8%, total debt-service payments-by 2.4%, and total variable costs by

2.0%. The 12.2% difference in classroom ASF-years is the only questionable

variation. Run 1B constructed 3 more large classrooms than Run 1A; this

accounts for the difference in floor area requirements.

8
Runs lA and 1B are identical to 10A and 108 respectively except for

the exclusion of the 1969 inventory from the input data. These runs show
what the model would build to handle UCSB's enrollments if it were start-
ing a new campus. A comparison of these runs with the actual inventory
gives some idea of excess physical capacity if the CCHE space standards can
be assumed to be reasonable.
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Examining Policy Options

The usefulness of a simulation model depends in part on the ease with

which alternative policy what-if questions can be posed and answered. The

fewer parameters which must be altered, and the easier it is for adminis-

trators to develop an intuitive feel for what a parameter represents

operationally, the more useful the model will be. SPACE was initially

conceived to provide answers for one class of conditional questions, viz:

What cost consequences would be associated with a change in the hourly

pattern of class scheduling? The possibility of answering other what-if

questions arose during the development of the model.

During the period of development and initial testing it was found that

it is relatively easy to examine the resource impacts of adding or deleting

academic programs, changing faculty workloads, or encountering significant

shifts in enrollment patterns. In each case it was only necessary to make

minor changes to one or two sets of data inputs. These data changes

satisfied the criterion of reflecting operational charges in an intuitively

identifiable manner.

Most of the what-if testa were concerned with changes in the patterns

of class scheduling. Summary results of three such tests are tabulated

in Tables 11 - 13. Table 10 is a summary of Run 10A, in which the

class scheduling pattern approximated the actual pattern in Fall 1969.

Changes in the class scheduling pattern were simulated by (1) changing

the number of hours per week in which classes are scheduled; and (2) chang-

ing the relative proportions of classes scheduled in those hours. For

Run 10A a non-uniform distribution of classed to the 67 scheduled hours

of the week put approximately:
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1/193 of the classes in each of the 23 least popular hours;

2/193 of the classes in each of the 6 next least popular hours;

3/193 of the classes in each of the 8 third least popular hours;

4/193 of the classes in each of the 16 fourth least popular hours; and

5/193 of the classes in each of the 14 most popular hours.

For Run 11A, 1/67 of the classes were scheduled in each of the 67

hours. This 'flat' distribution was duplicated for Run 12A but only for

the 44 most popular hours, i.e., 1/44 of the classes in each of those

hours. A 'lumpy' distribution similar to that of Run 10A was used for

Run 12B, but again, only for the 44 most popular hours, e.g., 2/170 in

each of the second least popular hours and 5/170 in each of the most

popular hours.

The net effects of these appreciable schedule changes were negligible

in terms of costs. In each case, class sizes declined in comparison to

Run 10A and operating costs increased correspondingly. Facilities costs

(debt service) changed only slightly. In general, flat distributions were

More costly than lumpy distributions and the 67-hour week was more effi-

cient than the 44-hour week from the standpoint of classroom utilization.

The analy3is c3 these and other such tests shows that as long as faculty-

staffing is determined on a contact-hour basis, and as long as students

show even modest preferences for some hours over others,
9
then even sub-

stantial alterations in classroom scheduling will do little or nothing to

change costs.

9
Input parameters representing very conservative estimates of the

class-scheduling effects on class size were included in the reference data
set and these were left unchanged for the comparison runs. During sensi-
tivity tests, it was found that still more conservative estimates provided
little hope for cost-savings resulting from changing class-scheduling
patterns.
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Table 14 summarizes the 10-year projections of six test runs. Note

that the 2% change in total variable costs induced solely by random varia-

tions (Runs lA and 1B) is greater than the percentage variation induced by

a scheduling change which cuts by one-third the number of hours in which

classes are scheduled (Runs 10A and 12B). Care should be taken in the

comparison of single examples of what-if tests because of the range of

results induced by random variations. It is possible that the low end of

one range would overlap the high end of another. The results displayed in

Table 14 are, however, typical of the many test runs which were made and

are representative of the ranges of possible outcomes.



T
A
B
L
E
 
1

C
l
a
s
s
-
S
i
z
e
 
D
i
s
t
r
i
b
u
t
i
o
n
s
 
o
f
 
N
o
n
l
a
b
o
r
a
t
o
r
y
 
W
e
e
k
l
y
 
R
o
o
m
-
H
o
J
r
L
 
i
n
 
A
l
l
 
L
e
v
e
l
s
 
a
n
d
 
D
i
s
c
i
p
l
i
n
e
s
 
a
t
.
 
U
C
S
B

C
l
a
s
s
 
S
i
z
e

C
e
d
e
 
&
 
R
a
n
g
e

A
c
t
u
a
l

F
A
M
S
1
X

T
a
b
l
e

2
 
2
 
1

R
 
u
 
n

1
 
0
 
A

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

M
e
a
n

1
1
-
9

5
1
4

5
4
5

5
2
3

1
0
5
8

/
9
5

6
0
5

7
1
4

7
1
3

7
7
4

8
7
6

7
6
9

8
5
3

7
9
9

7
9
5
.
6

2
1
0
-
1
9

1
1
6
2

1
0
5
0

9
7
6

1
0
1
3

1
1
7
2

1
1
3
4

9
4
0

1
1
1
4

1
1
1
5

1
1
7
2

1
2
2
8

1
3
9
4

1
1
6
9

1
1
4
5
.
1

3
2
0
-
2
9

1
2
3
8

1
3
0
3

1
2
5
2

1
3
2
9

1
2
6
1

1
0
7
1

1
1
3
0

1
2
7
2

1
2
6
5

1
1
6
0

1
3
5
5

1
2
9
8

1
2
2
7

1
2
3
6
.
8

4
3
0
-
3
9

2
7
3

3
1
2

3
8
1

3
8
1

3
6
4

3
3
3

3
7
7

3
6
9

3
4
8

3
1
9

3
2
7

3
4
9

3
1
5

3
4
8
.
2

5
4
0
-
5
9

3
2
2

2
5
3

3
5
4

1
9
5

3
5
0

3
6
0

3
2
2

2
4
2

3
7
1

3
2
0

2
8
3

3
2
1

3
5
2

3
1
1
.
6

6
6
0
-
7
9

1
1
1

1
2
1

1
5
4

1
8
7

1
6
4

1
3
8

1
1
6

1
6
8

1
6
9

1
5
3

1
8
0

1
5
7

1
4
0

1
5
7
.
i

7
8
0
-
9
9

7
4

8
0

6
0

1
3
2

1
0
0

5
7

8
3

7
2

8
1

1
2
4

7
9

8
5

1
1
7

9
3
.
0

8
1
0
0
-
1
4
9

9
7

8
9

1
1
5

5
1

8
1

8
3

1
0
8

8
9

7
5

8
8

7
8

9
5

1
1
6

8
6
.
4

9
1
5
0
-
1
9
9

3
2

5
5

5
8

4
4

3
2

3
5

3
1

6
1

4
0

.
2
3

4
6

4
6

5
7

4
1
.
5

1
0

2
0
0
-
2
9
9

3
7

3
5

4
8

4
9

2
6

3
6

3
1

2
4

2
5

2
5

3
0

4
5

3
5

3
2
.
6

1
1

3
0
0
-
3
9
9

1
5

1
2

3
2
6

2
3

2
9

3
0

2
3

2
1

2
3

3
3

2
0

2
4

2
5
.
2

1
2

4
0
0
-
5
9
9

1
4

4
8

1
2

1
1

1
2

1
0

1
6

1
3

7
7

1
7

1
1
.
3

1
3

6
0
0
-
7
9
9

4
0

0
6

3
6

4
3

3
8

8
1
1

5
5
.
7

1
4

8
0
0
-
9
9
9

0
0

C
4

8
6

6
7

6
8

7
4

6
6
.
2

1
5

1
0
0
0
 
&
 
u
p

0
.

0
0

0
0

0
0

0
0

0
0

0
0

0

A
l
l
 
S
i
z
c
s

3
8
8
0

3
8
5
9

3
9
2
8

4
4
8
3

4
3
9
1

3
9
0
4

3
9
0
4

4
1
6
7

4
3
0
9

4
3
1
2

4
4
3
0

4
6
8
5

4
3
7
9

4
2
9
6
.
4

W
S
H
 
(
1
0
0
0
8
)

W
S
H
 
p
e
r
 
W
R
H

W
S
H
 
e
x
c
l
u
d
e
d

a
b
o
v
e
 
(
1
0
0
0
s
)

1
2
1

1
2
2

1
3
2

3
1
.
1

3
1
.
6

3
3
.
6

2
6

2
4

2
5

1
4
6

1
4
6

1
3
8

1
3
9

1
4
1

1
4
4

1
4
5

1
5
0

1
5
4

1
5
6

1
4
5
.
9

3
2
.
5

3
3
.
2

3
5
.
4

3
5
.
5

3
3
.
9

3
3
.
4

3
3
.
/

3
3
.
9

3
2
.
8

3
5
.
7

3
4
.
0

N
e
a
r
l
y
 
a
l
l
 
e
x
c
l
u
d
e
d
 
a
c
t
u
a
l
 
W
S
H
 
(
a
n
d
 
r
e
l
a
t
e
d
 
W
R
H
,
 
p
r
i
m
a
r
i
l
y
 
c
l
a
s
s
e
s

o
f
 
l
e
s
s
 
t
h
a
n
 
1
0
 
s
t
u
d
e
n
t
s
 
a
n
d
 
m
o
r
e
 
t
h
a
n
 
3
0
0
)
 
a
r
e
 
i
n
c
l
u
d
e
d
 
i
n
 
S
P
A
C
E
.

E
n
r
o
l
l
m
e
n
t
s
:

(
3
-
t
e
r
m
-
a
v
e
r
a
g
e
 
h
e
a
d
c
o
u
n
t
.

E
s
t
i
m
a
t
e
d
 
f
o
r
 
F
A
M
S
I
X
 
b
e
f
o
r
e
 
1
9
5
9
 
a
c
t
u
a
l
 
n
u
m
b
e
r
s
 
w
e
r
e
 
k
n
o
w
n
.
)

L
o
w
e
r
 
D
i
v
.

5
3
8
5

5
1
8
2

5
1
6
3

5
6
0
6

5
4
2
5

5
2
3
4

5
2
2
9

5
3
0
0

5
4
1
7

5
5
3
3

5
6
5
1

5
7
6
6

5
9
9
2

5
5
1
5

U
p
p
e
r
 
D
i
v
.

4
9
0
1

5
3
0
5

6
1
0
6

5
7
0
3

5
9
8
0

5
6
0
5

5
6
0
1

5
6
7
5

5
8
0
0

5
9
2
6

6
0
4
8

6
1
7
5

6
1
9
2

5
8
7
1

G
r
a
d
.
 
L
e
v
e
l

1
4
9
0

1
7
3
3

1
9
8
5

1
9
9
1

1
7
8
6

1
6
5
0

1
6
4
1

1
6
9
2

1
7
2
2

1
7
6
8

1
8
1
7

1
8
6
6

1
9
1
4

1
7
8
5

T
o
t
a
l

1
1
7
7
6
 
1
2
2
2
0
 
1
3
2
5
4

1
3
3
0
0
 
1
3
1
9
1
 
1
2
4
8
9
 
1
2
4
7
1
 
1
2
6
6
7
 
1
2
9
3
9
 
1
3
2
2
7
 
1
3
5
1
6
 
1
3
8
0
7
 
1
4
0
9
8

1
3
1
7
1



T
A
B
L
E
 
2

C
l
a
s
s
-
S
i
z
e
 
D
i
s
t
r
i
b
u
t
i
o
n
s
 
o
f
 
N
o
n
l
a
b
o
r
a
t
o
r
y
W
e
e
k
l
y
 
R
o
o
m
-
H
o
u
r
s
 
i
n
 
A
l
l
 
L
e
v
e
l
s
 
a
n
d
 
D
i
s
c
i
p
l
i
n
e
s
 
a
t
 
U
C
S
B

C
l
a
s
s
 
S
i
z
e

C
o
d
e
 
&
 
R
a
n
g
e

A
 
c
 
t
 
u
 
a
 
l

F
 
A
 
M
 
S
 
I
 
X

i
 
T
 
a

l
 
e

2
 
2

1
R
 
u
 
n

1
 
0
 
B

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

M
e
a
n

1
1
-
9

5
1
4

5
4
5

5
2
3

7
8
4

8
0
4

7
1
6

8
1
6

7
0
0

8
8
0

7
9
2

8
3
3

7
4
6

8
3
4

7
9
0
.
5

2
1
0
-
1
9

1
1
6
2

1
0
5
0

9
7
6

1
1
9
8

1
1
5
8

1
0
5
0

1
0
7
0

1
0
8
6

1
3
1
5

1
2
7
5

1
2
9
2

1
1
8
5

1
2
6
8

1
1
8
9
.
7

3
2
0
-
2
9

1
2
3
8

1
3
0
3

1
2
5
2

1
3
1
0

1
2
4
3

1
0
9
1

1
1
6
4

1
2
7
8

1
1
2
6

1
3
1
3

1
3
0
3

1
2
5
0

1
4
0
2

1
2
4
8
.
0

4
3
0
-
3
9

2
7
3

3
1
2

3
8
1

3
2
3

3
8
2

3
0
6

3
5
6

3
3
9

3
1
3

3
6
4

3
7
4

3
7
7

3
9
3

3
5
2
.
7

5
4
0
-
5
9

3
2
2

2
5
3

3
5
4

2
7
7

3
9
8

3
4
9

2
9
8

3
0
5

3
6
1

3
5
5

2
9
6

3
4
;

3
4
3

3
3
3
.
1

6
6
0
-
7
9

1
1
1

1
2
1

1
5
4

1
6
3

1
5
1

1
2
2

1
1
6

1
2
9

1
2
5

1
8
0

1
9
2

1
4
9

1
9
0

1
5
1
.
7

7
8
0
-
9
9

7
4

8
0

6
0

1
0
1

1
0
0

9
6

1
1
1

1
1
4

9
2

9
1

9
0

1
0
5

1
2
9

1
0
2
.
9

8
1
0
0
-
1
4
9

9
7

8
9

1
0

8
2

4
6

-

8
9

1
1
1

1
1
6

6
8

3
8

7
8

8
2

8
1

8
4
.
1

9
1
5
0
-
1
9
9

3
2

5
5

5
8

3
5

4
8

3
7

3
5

3
5

5
0

2
2

5
2

3
1

5
9

4
0
.
4

1
0

2
0
0
-
2
9
9

3
7

3
5

4
8

4
9

2
3

3
3

2
9

3
0

2
6

1
6

2
2

5
5

2
4

3
0
.
7

1
1

3
0
0
-
3
9
9

1
5

1
2

3
1
9

2
9

3
0

1
2

2
2

3
4

2
5

2
0

3
4

2
3

2
4
.
8

1
2

4
0
0
-
5
9
9

1
4

4
6

9
1
3

1
2

6
9

1
3

1
7

1
2

5
1
0
.
2

1
3

6
0
0
-
7
9
9

4
0

0
7

4
4

7
1
.

6
4

4
5

6
4
.
8

1
4

8
0
0
-
9
9
9

0
0

0
6

7
4

5
6

3
7

5
3

6
5
.
2

1
5

1
0
0
0
 
&
 
u
p

0
0

0
0

0
0

0
0

0
0

0
0

0
0

A
l
l
 
S
i
z
e
s

3
8
8
0

3
8
5
9

3
9
2
8

4
3
5
0

4
4
0
2

3
9
4
0

4
1
4
2

4
1
6
7

4
4
0
8

4
5
4
5

4
5
7
8

4
3
8
3

4
7
6
3

4
3
6
8
.
8

W
S
H
 
(
1
0
0
0
s
)

W
S
H
 
p
e
r
 
W
R
H

W
S
H
 
e
x
c
l
u
d
e
d

a
b
o
v
e
 
(
1
0
0
0
s
)

1
2
1

1
2
2

1
3
2

3
1
.
1

3
1
.
6

3
3
.
6

2
6

2
4

2
5

1
4
5

1
4
5

1
3
8

1
3
8

1
4
0

1
4
2

1
4
7

1
4
9

1
5
3

1
5
7

1
4
5
.
4

3
3
.
3

3
3
.
0

3
4
.
9

3
3
.
4

3
3
.
5

3
2
.
2

3
2
.
3

3
2
.
6

3
4
.
9

3
2
.
9

3
3
.
3

N
e
a
r
l
y
 
a
l
l
 
e
x
c
l
u
d
e
d
 
a
c
t
u
a
l
 
W
S
H
 
(
a
n
d
 
r
e
l
a
t
e
d
 
W
R
H
,
 
p
r
i
m
a
r
i
l
y
 
c
l
a
s
s
e
s
 
o
f

l
e
s
s
 
t
h
a
n
 
1
0
 
s
t
u
d
e
n
t
s
 
a
n
d
 
m
o
r
e
 
t
h
a
n
 
3
0
0
)
 
a
r
e
 
i
n
c
l
u
d
e
d
 
i
n

S
P
A
C
E
.

E
n
r
o
l
l
m
e
n
t
s
:

(
3
-
t
e
r
m
-
a
v
e
r
a
g
e
 
h
e
a
d
c
o
u
n
t
.

E
s
t
i
m
a
t
e
d
 
f
o
r
 
F
A
M
S
I
X
 
b
e
f
o
r
e
 
1
9
6
9
 
a
c
t
u
a
l
 
n
u
m
b
e
r
s
w
e
r
e
 
k
n
o
w
n
.
)

L
o
w
e
r
 
D
i
v
.

5
3
8
5

5
1
8
2

5
1
6
3

5
6
0
6

5
4
2
5

5
2
3
4

5
2
2
9

5
3
0
0

5
4
1
7

5
5
3
3

5
6
5
1

5
7
6
6

5
9
9
2

5
5
1
5

U
p
p
e
r
 
D
i
v
.

4
9
0
1

5
3
0
5

6
1
0
6

5
7
0
3

5
9
8
0

5
6
0
5

5
6
0
1

5
6
7
5

5
8
0
0

5
9
2
6

6
0
4
8

6
1
7
5

6
1
9
2

5
8
7
1

G
r
a
d
.
 
L
e
v
e
l

1
4
9
0

1
7
3
3

1
9
8
5

1
9
9
1

1
7
8
6

1
6
5
0

1
6
4
1

1
6
9
2

1
7
2
2

1
7
6
d

1
8
1
7

1
8
6
6

1
9
1
4

1
7
8
5

T
o
t
a
l

1
1
7
7
6
 
1
2
2
2
0
 
1
3
2
5
4

1
3
3
0
0
 
1
3
1
9
1
 
1
2
4
8
c
 
1
2
4
7
1
 
1
2
6
6
7
 
1
2
9
3
9
 
1
3
2
2
7
 
1
3
5
1
6
 
1
3
8
0
7

1
4
0
9
8

1
3
1
7
1



T
A

B
L

E
 3

A
c
t
u
a
l
 
a
n
d
 
S
P
A
C
E
 
C
l
a
s
s
-
S
i
z
e
 
D
i
s
t
r
i
b
u
t
i
o
n
s
 
o
f
W
e
e
k
l
y
 
R
o
o
m
-
H
o
u
r
s
 
i
n
 
P
h
y
s
i
c
a
l
 
S
c
i
e
n
c
e
s
 
a
t
 
U
C
S
B
 
-
 
R
u
n
 
1
0
A

C
l
a
s
s

T
y
p
e

C
l
a
s
s

S
i
z
e

N
u
m
b
e
r
 
o
f
 
W
e
e
k
l
y
 
R
o
o
m
-
H
o
u
r
s
 
i
n
E
a
c
h
 
C
l
a
s
s
-
S
i
z
e

U
p
p
e
r
-
D
i
v
i
s
i
o
n
R
a
n
3
e
 
o
f
 
E
a
c
h

C
o
u
r
s
e
s

S
P
A
C
E

C
l
a
s
s
 
T
y
p
e
 
a
n
d
 
C
c
u
r
s
e
 
L
e
v
e
l

G
r
a
d
u
a
t
e
-
L
e
v
a
l
 
C
o
u
r
s
e
s

L
o
w
e
y
-
D
i
v
i
n
i
o
n
 
C
o
u
r
s
e
s

A
c
t
u
a
l

S
P
A
C
E

A
c
t
u
a
l

A
c
t
u
a
l

S
P
A
C
E

1
9
6
7
1
1
9
6
8

1
9
6
9
1
9
6
1
1
9
7
3

1
9
7
8

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9

1
9
7
3
 
1
9
7
8

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9
1
1
9
7
3

1
9
7
8

N
o
n
l
a
b

1
1
-
9

0
1

6
4

1
2

5
4

0
6

3
5

1
7

9
1
9

3
0

2
7

0
2

1
0
-
1
9

2
6

8
8

1
3

9
1
0

6
1
1

5
1

5
1
4

1
4

5
2
5

1
7

2
4

3
2
0
-
2
9

1
0

1
0

1
0

5
4

4
1
5

1
2

9
1
4

1
0

1
3

1
1

1
4

2
4

9

4
3
0
-
3
9

3
9

6
1
0

4
8

3
6

3
5

7
7

1
3

0
1

1
0

5
4
0
-
5
9

9
6

9
4

9
6

0
3

9
3

3
3

0
0

2
0

0
0

6
6
0
-
7
9

6
3

3
1
1

1
3

0
3

3
0

1
4

1

7
8
0
-
9
9

6
1
2

0
1
9

3
6

0
0

3
1

1
4

I

8
 
1
0
0
-
1
4
9

6
1
0

1
8

9
1
0

6
0

0
0

1
1

1
9
 
1
5
0
-
1
9
9

1
6

9
1
0

0
1
2

1
7

0
0

0
1

1
1

I

1
0
 
2
0
0
-
2
9
9

7
7

7
8

4
9

3
3

3
2

1
2

I

1
1
 
3
0
0
-
3
9
9

0
0

0
1

1
0

I

A
l
l
 
S
i
z
e
s

6
5

7
3

7
7

T
8
0

7
4

6
7

3
9

3
7

i

3
9

3
2

4
2

3
3

2
8

4
0

T
5
8

4
9

3
3

T
o
t
a
l
 
W
S
H
 
(
1
0
0
0
s
)

6
.
8

6
.
4

7
.
0
1

6
.
6

6
.
6

7
.
1

1
.
5

1
.
6

1
.
8
1

1
.
7

1
.
5

2
.
0

.
3
3

.
4
0

.
6
2

1
.
6
4

.
5
5

.
5
8

W
S
H
 
p
e
r
 
W
R
H

1
0
4

8
7
.
6

9
0
.
4
1
8
2
.
3

8
8
.
6

1
0
6

3
7
.
8

4
2
.
5

4
6
.
8
1
4
3
.
3

4
3
.
3
 
4
7
.
4

1
0
.
0

1
4
.
1

1
5
.
4
1
1
1
.
0

1
1
.
2

1
7
.
5

L
a
b

1
1
-
9

6
1

2
7

4
7

1
1
3

5
5

8
9

2
0

0
8

1
9

3
3

6
0

0
1
-

2
1

5
2

1
0
-
1
9

1
8
0

2
7
0

2
5
2
 
1
1
9
3

2
1
8

2
1
4

1
7

2
8

8
1

5
S

8
0

0
0

1

1
1

0
3

2
0
-
2
9

1
2
4

3
4

5
0

6
8

8
6

0
0

0
1

1
1

1
1
0
2

1
I

4
3
0
-
3
9

2
0

0
0

0
0

1
1

1

1
A
1
1

S
i
z
e
s

3
6
7

3
3
1

3
4
9
 
1
3
0
8

3
4
1

3
8
9

3
7

2
8

1
6
 
1

1
5

1
2

1
2

r
t

6
0

0
 
i

3
2

5

T
o
t
a
l
 
W
S
H
 
(
1
0
0
0
s
)

6
.
0

5
.
2

5
.
3
1
 
5
.
4

5
.
2

5
.
8

.
3
1

.
3
3

.
1
7
 
1
.
1
5

.
1
6

.
1
6

.
0
2

0
0
 
1
.
0
3

.
0
2

.
0
3

W
S
H
 
p
e
r
 
W
R
H

1
6
.
4

1
5
.
7

1
5
.
2
1
1
7
.
6

1
5
.
3

1
4
.
9

8
.
5

1
1
.
9

1
0
.
5
1
1
0
.
2

1
3
.
5
 
1
3
.
5

4
.
0

-
-

-
-

1

9
.
0

1
0
.
5

6
.
0



T
A
B
L
E
 
4

A
c
t
u
a
l
 
a
n
d
 
S
P
A
C
E
 
C
l
a
s
s
-
S
i
z
e
 
D
i
s
t
r
i
b
u
t
i
o
n
s
 
o
f
W
e
e
k
l
y
 
R
o
o
m
-
H
o
u
r
s
 
i
n
 
P
h
y
s
i
c
a
l
 
S
c
i
e
n
c
e
s
 
a
t
 
U
C
S
B
 
-
 
R
u
n
 
1
0
B

C
l
a
s
s

T
y
p
e

C
l
a
s
s

S
i
z
e

N
u
m
b
e
r
 
o
f
 
W
e
e
k
l
y
 
R
o
o
m
-
H
o
u
r
s
 
i
n
 
E
a
c
h
 
C
l
a
s
s
-
S
i
z
e
 
R
a
n

e
 
o
f
 
E
a
c
h
 
C
l
a
s
s
 
T

e
 
a
n
d
 
C
o
u
r
s
e
 
L
e
v
e
l

L
o
w
e
r
-
D
i
v
i
s
i
o
n
 
C
o
u
r
s
e
s

U
p
p
e
r
-
D
i
v
i
s
i
o
n
 
C
o
u
r
s
e
s

G
r
a
d
u
a
t
e
-
L
e
v
e
l
 
C
o
u
r
s
e
s

A
c
t
u
a
l

1
.
7
6
7
1
7
7
T
e
l
T
9
T
i

S
P
A
C
E

A
c
t
u
a
l

S
P
A
C
E

A
c
t
u
a
l

S
P
A
C
E

1
9
6
9

1
9
7
3

1
9
7
8

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9

1
9
7
3

1
9
7
8

1
9
6
7

1
9
6
8

1
9
6
9

1
9
6
9
1
1
9
7
3

1
9
7
8

N
o
n
l
a
b

1
1
-
9

0
1

6
1

3
7

5
4

0
0

6
1

1
7

9
1
9

2
1

1
7

2
5

2
1
0
-
1
9

2
6

8
1
1
0

7
0

1
0

6
1
1

4
4

1
5

1
4

1
4

5
2
1

1
6

1
5

3
2
0
-
2
9

1
0

1
0

1
1

1

7
1
4

0
1
5

1
2

9
1
4

1
7

1
1

1
1

1
4

4
4

5

4
3
0
-
3
9

3
9

6
.
1
2

I

6
3

3
6

3
3

6
7

1
3

0
1

2
2

5
4
0
-
5
9

9
6

9
6

9
6

0
3

9
3

3
3

0
0

2
1

0
1

6
6
0
-
7
9

5
3

3
1

1
1

2
]
.
0

3
3

0
3

3
1

7
8
0
-
9
9

6
1
2

0
1

5
2
6

2
5

0
0

3
3

2
2

8
 
1
0
0
-
1
4
9

6
1
0

1
8

1
7

7
0

0
0

0
1

0
0

9
 
1
5
0
-
1
9
9

1
6

9
1
0

I
9

8
2
1

0
0

0
1

1
1

1
0
 
2
0
0
-
2
9
9

7
7

7
1

9
3

0
3

3
3

1
1

2
1
1
 
3
0
0
-
3
9
9

0
0

0
1

0
0

1

A
l
l
 
S
i
z
e
s

6
5

7
3

7
7

I
7
7

8
5

7
3

3
9

3
7

3
8

T
3
3

4
3

4
3

3
3

2
8

4
0

T
4
8

3
9

4
8

T
o
t
a
l
 
W
S
H
 
(
1
0
0
0
s
)

6
.
8

6
.
4

7
.
0
1

6
.
7

6
.
4

7
.
2

1
.
5

1
.
6

1
.
8
1
 
1
.
6

1
.
6

1
.
8

.
3
3

.
4
0

.
6
2

1
.
6
2

.
5
1

.
6
1

W
S
H
 
p
e
r
 
W
R
H

1
0
4

8
7
.
6

9
0
.
4
1
8
7
.
5

7
5
.
8

9
8
.
9

3
7
.
8

4
2
.
5

4
6
.
8
1
4
9
.
7

3
8
.
2

4
1
.
2

1
0
.
0

1
4
.
1

1
5
.
4
1
1
2
.
9

1
3
.
0

1
2
.
7

L
a
b

1
1
-
9

6
1

2
7

4
7

1
1
3
3

8
7

6
4

2
0

0
8

1

2
5

2
6

0
0

1

3
1

0
2

1
0
-
1
9

1
8
0

2
7
0

2
5
2
 
1
1
0
4

1
9
3

2
2
4

1
7

2
8

8
1

9
7

1
0

0
0

0
I

1
1

2
3

2
0
-
2
9

1
2
4

3
4

5
0

1
1
2
8

7
5

8
6

0
0

0
1

0
1

1

4
3
0
-
3
9

2
J

0
1

0
0

0

1
A
.
1
1
 
S
i
z
e
s

3
6
7

3
3
1

3
4
9
 
1
3
6
5

3
5
5

3
7
4

3
7

2
8

1
6
 
i
 
1
1

1
3

1
3

6
0

0
 
1

4
2

2

T
o
t
a
l
 
W
S
H
 
(
1
0
0
0
s
)

6
.
0

5
.
2

5
.
3
1
 
5
.
4

5
.
2

5
.
8

.
3
1

.
3
3

.
1
7

1
.
1
5

.
1
6

.
1
9

.
0
2

0
0
 
1
.
0
3

.
0
2

.
0
3

W
S
H
 
p
e
r
 
W
R
H

1
6
.
4

1
5
.
7

1
5
.
2
'
1
4
.
9

1
4
.
7

1
5
.
5

8
.
5

1
1
.
9

1
0
.
5
1
1
3
.
4

1
2
.
2

1
4
.
3

4
.
0

-
-

-
-

8
.
?

1
0
.
5

1
5
.
0



T
A
B
L
E
 
5

A
c
t
u
a
l
 
a
n
d
 
S
P
A
C
E
 
U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
 
i
n
 
A
l
l
 
C
l
a
s
s
r
o
o
m
s
 
a
t
 
U
C
S
B
 
-
 
F
a
l
l
 
1
9
6
9
 
-
 
R
u
n
 
1
0
A

R
o
o
m

S
i
z
e

(
S
t
a
t
i
o
n
s
)

N
o
.
 
o
f

R
o
o
m
s

T
o
t
a
l

S
t
a
t
i
o
n
s

W
e
e
k
l
y

R
o
o
m
-
H
o
u
r
s

P
e
r
 
R
o
o
m

S
t
a
t
i
o
n

O
c
c
u
p
a
n
c
y

R
a
t
i
o

W
e
e
k
l
y

S
t
u
d
e
n
t
-
H
o
u
r
s

P
e
r
 
S
t
a
t
i
o
n

A
s
s
i
g
n
a
b
l
e

S
q
.
 
F
t
.

P
e
r
 
S
t
a
t
i
o
n

A
S
F
 
p
e
r

W
e
e
k
l
y

S
t
u
d
e
n
t
-
H
o
u
r

A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E

A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E

1
1
-
9

0
0

0
0

-
-

-
-

.
.
.
.

-
-

-
-

-
-

-
-

2
1
0
-
1
9

1
1

1
1

1
6
1

1
6
1

2
1
.
7

5
8
.
8

C
.
7
6

0
.
4
5

1
6
.
6

2
6
.
7

2
2
.
1

2
2
.
1

1
.
3
3

0
.
8
3

3
2
0
-
2
9

2
3

2
3

5
3
0

5
3
0

2
3
.
5

4
6
.
7

0
.
7
3

0
.
7
5

1
7
.
1

3
4
.
9

2
0
.
1

2
0
.
1

1
.
1
7

0
.
5
8

4
3
0
-
3
9

3
8

3
8

1
,
2
4
5

1
,
2
4
5

2
9
.
1

3
8
.
8

0
.
6
7

0
.
6
6

1
9
.
4

2
5
.
8

1
9
.
4

1
9
.
4

1
.
0
0

0
.
7
5

5
4
0
-
5
9

3
4

3
4

1
,
5
6
3

1
,
5
6
3

3
2
.
4

1
9
.
4

0
.
5
6

0
.
5
2

1
8
.
0

1
0
.
1

1
5
.
0

1
5
.
0

0
.
8
3

1
.
4
9

6
6
0
-
7
9

1
4

1
4

9
3
1

9
3
1

2
5
.
6

1
2
.
7

0
.
5
9

0
.
8
0

1
5
.
0

1
0
.
2

1
2
.
1

1
2
.
1

0
.
8
0

1
.
1
9

7
8
0
-
9
9

4
4

3
3
0

3
3
0

2
9
.
3

3
1
.
0

0
.
7
4

0
.
8
7

2
1
.
6

2
7
.
1

1
2
.
4

1
2
.
4

0
.
5
7

0
.
4
6

8
 
1
0
0
-
1
4
9

7
7

8
3
3

8
3
3

2
5
.
9

1
8
 
0

0
.
6
0

0
.
7
3

1
5
.
6

1
3
.
2

1
2
.
2

1
2
.
2

0
.
7
8

0
.
9
3

9
 
1
A
-
1
9
9

2
2

3
0
0

3
0
0

2
5
.
8

3
4
.
5

0
.
7
8

0
.
7
5

2
0
.
2

2
5
.
9

1
1
.
8

1
1
.
8

0
.
5
9

0
.
4
6

1
0
 
2
0
0
-
2
9
9

3
3

7
0
7

7
0
7

2
6
.
3

1
7
.
0

0
.
7
1

0
.
8
1

1
8
.
7

1
3
.
8

1
2
.
3

1
2
.
3

0
.
6
6

0
.
8
9

1
1
 
3
0
0
-
3
9
9

2
2

6
5
8

6
5
8

3
5
.
0

2
0
.
5

0
.
5
5

0
.
7
4

1
9
.
2

1
5
.
2

1
0
.
8

1
0
.
8

0
.
5
6

0
.
7
1

1
2
 
4
0
0
-
5
9
9

0
1

0
4
8
0

-
-

1
8
.
0

-
-

0
.
6
8

-
-

1
2
.
2

-
-

1
0
.
0

-
-

0
.
8
2

1
3
 
6
0
0
-
7
9
9

0
0

0
0

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

1
4
 
8
0
0
-
9
9
9

0
2

0
1
,
7
6
0

-
-

1
1
.
0

-
-

0
.
6
4

-
-

7
.
0

-
-

9
.
0

-
-

1
.
2
8

1
5
 
1
0
0
0
 
u
p

0
0

0
0

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

A
l
l
 
S
i
z
e
s

1
3
8

1
4
1

7
,
2
5
8

9
,
4
9
8

2
7
.
8

3
1
.
8

0
.
6
4

0
.
4
8

1
7
.
9

1
5
.
3

1
4
.
7

1
3
.
4

0
.
8
2

0
.
8
7

S
i
z
e
 
C
o
d
e
n
l
y
 
s

1
-
1
1
 
o

1
3
8

1
3
8

7
,
2
5
8

7
,
2
5
8

2
7
.
8

3
2
.
2

0
.
6
4

0
.
5
4

1
7
.
9

1
7
.
5

1
4
.
7

1
4
,
7

0
.
8
2

0
.
8
4

N
o
t
e
:

R
u
n
 
1
0
A
 
b
e
g
a
n
 
w
i
t
h
 
t
h
e
 
a
c
t
u
a
l
 
F
a
l
l
 
1
9
6
9
 
f
a
c
i
l
i
t
i
e
s
 
i
n
v
e
n
t
o
r
y
,
 
w
h
i
c
h
 
i
n
c
l
u
d
e
d
 
n
o
 
c
l
a
s
s
r
o
o
m
s
 
l
a
r
g
e
r

t
h
a
n

r
o
o
m
-
s
i
z
e
 
c
o
d
e
 
1
1
.

S
P
A
C
E
 
t
h
e
r
e
f
o
r
e
 
"
b
u
i
l
t
"
 
l
a
r
g
e
r
 
c
l
a
s
s
r
o
o
m
s
 
f
o
r
 
i
t
s
 
l
a
r
g
e
 
c
l
a
s
s
e
s
 
w
h
i
c
h
 
c
o
r
r
e
s
p
o
n
d
e
d

t
o
 
t
h
e
 
a
c
t
u
a
l
 
c
l
a
s
s
e
s
 
t
h
a
t
 
w
e
r
e
 
s
c
h
e
d
u
l
e
d
 
i
n
 
l
a
r
g
e
 
r
o
o
m
s
 
n
o
t
 
c
l
a
s
s
i
f
i
e
d
 
a
s
 
c
l
a
s
s
r
o
o
m
s
.



T
A
B
L
E
 
6

A
c
t
u
a
l
 
a
n
d
 
S
P
A
C
E
.
 
U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
 
i
n
 
A
l
l
 
C
l
a
s
s
r
o
o
m
s
 
a
t
 
U
C
S
B
 
-
 
F
a
l
l
 
1
9
7
0
 
-
 
R
u
n
 
1
0
A

R
o
o
m

S
i
z
e

(
S
t
a
t
i
o
n
s
)

N
o
.
 
o
f

R
o
o
m
s

T
o
t
a
l

S
t
a
t
i
o
n
s

W
e
e
k
l
y

R
o
o
m
-
H
o
u
r
s

P
e
r
 
R
o
o
m

S
t
a
t
i
o
n

O
c
c
u
p
a
n
c
y

R
a
t
i
o

W
e
e
k
l
y

S
t
u
d
e
n
t
-
H
o
u
r
s

P
e
r
 
S
t
a
t
i
o
n

A
s
s
i
g
n
a
b
l
e

S
q
.
 
F
t
.

P
e
r
 
S
t
a
t
i
o
n

A
S
F
 
p
e
r

W
e
e
k
l
y

S
t
u
d
e
n
t
-
H
o
u
r

A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

'
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E
A
c
t
u
a
l

S
P
A
C
E

1
1
-
9

0
0

0
0

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

2
1
0
-
1
9

8
1
1

1
2
1

1
C
1

1
8
.
8

5
5
.
7

0
.
5
6

0
.
4
7

1
0
.
4

2
6
.
4

2
0
.
1

2
2
.
1

1
.
9
3

0
.
8
4

3
2
0
-
2
9

2
1

2
3

4
7
0

5
3
0

2
0
.
5

4
6
.
5

0
.
5
9

0
.
7
6

1
2
.
0

3
5
.
3

1
6
.
3

2
0
.
1

1
.
3
5

0
.
5
7

4
3
0
-
3
9

3
0

3
8

1
,
0
0
0

1
,
2
4
5

2
7
.
1

3
7
.
5

0
.
6
5

0
.
6
8

1
7
.
5

2
5
.
4

2
0
.
0

1
9
.
4

1
.
1
4

0
.
7
7

5
4
0
-
5
9

4
8

3
4

2
,
2
4
5

1
,
5
6
3

3
4
.
8

1
8
.
4

0
.
5
0

0
.
6
2

1
7
.
3

1
1
.
5

1
3
.
8

1
5
.
0

0
.
8
0

1
.
3
0

6
6
0
-
7
9

1
5

1
4

1
,
0
3
1

9
3
1

2
5
.
1

1
5
.
2

0
.
5
7

0
.
7
6

1
4
.
2

1
1
.
5

1
1
.
9

1
2
.
1

0
.
8
4

1
.
0
5

7
8
0
-
9
9

3
4

2
5
9

3
3
0

3
1
.
0

3
5
.
0

0
.
6
3

0
.
8
1

1
9
.
4

2
8
.
3

1
2
.
4

1
2
.
4

0
.
6
4

0
.
4
4

8
 
1
0
0
-
1
4
9

6
7

7
1
2

8
3
3

2
9
.
3

1
7
.
4

0
.
6
1

0
.
7
4

1
7
.
7

1
2
.
9

1
2
.
6

1
2
.
2

0
.
7
1

0
.
9
5

9
 
1
5
0
-
1
9
9

2
2

3
0
0

3
0
0

3
3
.
3

3
1
.
5

0
.
8
5

0
.
7
1

2
8
.
1

2
2
.
4

1
1
.
8

1
1
.
8

0
.
4
2

0
.
5
3

1
0
 
2
0
0
-
2
9
9

3
3

7
0
7

7
0
7

2
8
.
0

1
7
.
0

0
.
6
4

0
.
7
2

1
8
.
0

1
2
.
2

1
2
.
3

1
2
.
3

0
.
6
8

1
.
0
0

1
1
 
3
0
0
-
3
9
9

2
2

6
5
8

6
5
8

4
3
.
5

1
3
.
5

0
.
6
0

0
.
7
2

2
5
.
9

9
.
7

1
0
.
8

1
0
.
8

0
.
4
2

1
.
1
1

1
2
 
4
0
0
-
5
9
9

0
1

0
4
8
0

-
-

1
8
.
0

-
-

0
.
7
7

-
-

1
3
.
8

-
-

1
0
.
0

-
-

0
.
7
3

1
3
 
6
0
0
-
7
9
9

0
0

0
0

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

1
4
 
8
0
0
-
9
9
9

0
2

0
1
,
7
6
0

-
-

1
1
.
5

-
-

0
.
7
0

-
-

8
.
0

-
-

9
.
0

-
-

1
.
1
2

1
5
 
1
0
0
0
 
u
p

0
0

0
0

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

A
l
l
 
S
i
z
e
s

1
3
8

1
4
1

7
,
5
0
3

9
,
4
9
8

2
8
.
6

3
1
.
1

0
.
6
2

0
.
4
9

1
7
.
8

1
5
.
4

1
4
.
0

1
3
.
4

0
.
7
8

0
.
8
7

S
i
z
e
 
C
o
d
e
s

,
.
-
1
1
 
o
n
l
y

1
3
8

1
3
8

7
,
5
0
3

7
,
2
5
8

2
8
 
6

3
1
.
5

0
.
6
2

0
.
5
5

1
/
.
8

1
7
.
3

1
4
.
0

1
4
.
7

0
.
7
8

0
.
8
5



T
A
B
L
E
 
7

C
o
m
p
u
t
e
d
 
N
e
e
d
s
 
o
f
 
D
e
p
a
r
t
m
e
n
t
s
 
o
f
 
I
n
s
t
r
u
c
t
i
o
n
 
&
 
R
e
s
e
a
r
c
h
 
a
t

U
C
S
B
 
i
n
 
1
9
7
0
-
7
1

R
u
n
 
l
A

D
i
s
c
i
p
l
i
n
e

A
s
s
i
g
n
a
b
l
e

S
q
u
a
r
e

F
e
e
t

C
l
a
s
s
 
L
a
b
s

R
e
s
e
a
r
c
h
 
&
 
O
f
f
i
c
e

F
a
c
i
l
i
t
i
e
s
_

T
o
t
a
l
 
D
e
p
a
r
t
m
e
n
t
a
l

A
V
P
-
P
P
a

S
P
A
C
E

A
V
P
-
P
P
a

S
P
A
C
E

_
S
u
p
p
o
r
t

A
V
P
-
P
P
a

S
P
A
C
E

A
V
P
-
P
P
a

S
P
A
C
E

G
e
n
e
r
a
l

0
0

0
2
,
9
9
8

0
4
4
9

0
3
,
4
4
7

B
i
o
l
o
g
i
c
a
l
 
S
c
i
e
n
c
e
s

2
0
,
4
8
3

1
8
,
1
6
8

5
2
,
1
0
0

5
2
,
1
7
4

7
,
2
5
9

7
,
8
2
6

7
9
,
8
4
2

7
8
,
1
6
8

M
a
t
h
e
m
a
t
i
c
a
l
 
S
c
i
e
n
c
e
s

0
0

1
0
,
6
9
0

1
0
,
8
0
1

5
3
5

1
,
0
7
2

1
1
,
2
2
5

1
1
,
8
7
3

P
h
y
s
i
c
a
l
 
S
c
i
e
n
c
e
s

2
2
,
8
4
5

2
2
,
9
7
6

7
0
,
2
2
0

7
1
,
6
5
0

9
,
3
0
7

1
0
,
6
8
0

1
0
2
,
3
7
2

1
0
5
,
3
0
6

E
n
g
i
n
e
e
r
i
n
g
 
S
c
i
e
n
c
e
s

1
1
,
9
1
2

1
0
,
9
2
8

5
2
,
6
8
0

5
2
,
3
4
9

9
,
6
8
9

1
1
,
7
0
6

7
4
,
2
8
1

7
4
,
9
8
3

P
s
y
c
h
o
l
o
g
y

9
,
6
1
2

5
,
7
8
4

1
3
,
6
2
0

1
2
,
6
3
6

1
,
7
4
3

1
,
5
6
0

2
4
,
9
7
5

1
9
,
9
8
0

S
o
c
i
a
l
 
S
c
i
e
n
c
e
sb

2
1
,
1
0
8

2
,
7
6
8

6
6
,
7
7
5

6
0
,
8
2
3

5
,
1
5
2

5
,
9
5
8

9
3
,
0
3
5

6
9
,
5
4
9

A
r
t
s

7
,
2
6
4

3
9
,
9
6
8

4
0
,
0
2
0

4
5
,
9
9
8

9
,
7
2
9

6
,
8
9
9

1
0
7
,
0
1
3

9
2
,
8
6
5

L
e
t
t
e
r
s
 
&
 
F
o
r
e
i
g
n
 
L
a
n
g
.

0
4
,
1
6
0

6
3
,
9
0
0

6
5
,
9
4
6

3
,
1
9
5

6
,
4
6
4

6
7
,
0
9
5

7
6
,
5
7
0

E
d
u
c
a
t
i
o
n

3
0
8

3
,
6
8
0

1
3
,
2
7
0

1
7
,
6
9
4

1
,
3
5
8

2
,
6
5
4

1
4
,
9
3
6

2
4
,
0
2
8

H
o
m
e
 
E
c
o
n
o
m
i
c
s

0
3
,
6
2
4

0
3
,
7
8
8

0
5
2
1

0
7
,
9
3
3

T
o
t
a
l
 
D
e
p
a
r
t
m
e
n
t
a
l

1
4
3
,
5
3
2

1
1
2
,
0
5
6

3
8
3
,
2
7
5

3
9
6
,
8
5
7

4
7
,
9
6
7
c

5
5
,
7
8
9
c

5
7
4
,
7
7
4

5
6
4
,
7
0
2

C
l
a
s
s
r
o
o
m
s

8
0
,
4
6
8
c

9
6
,
7
2
2
c

T
 
o
 
t
 
a
 
1

A
 
S
 
F

6
5
5
,
2
4
2

6
6
1
,
4
2
4

a
O
f
f
i
c
e
 
o
f
 
A
s
s
i
s
t
a
n
t
 
V
i
c
e
 
P
r
e
s
i
d
e
n
t
 
-
 
P
h
y
s
i
c
a
l
 
P
l
a
n
n
i
n
g

(
T
a
b
l
e
s
 
P
-
N
 
a
n
d
 
N
-
1
,
 
d
a
t
e
d
 
8
/
2
7
/
7
1
)
.

b
i
n
 
A
V
P
-
P
P
'
s
 
"
N
"
 
t
a
b
l
e
s
,
 
a
n
t
h
r
o
p
o
l
o
g
y
 
a
n
d
 
g
e
o
g
r
a
p
h
y
 
a
r
e
 
t
r
e
a
t
e
d
 
a
s
"
e
x
c
e
p
t
i
o
n
a
l
 
d
e
p
a
r
t
m
e
n
t
s
"
 
w
i
t
h
 
g
r
e
a
t
e
r

u
n
i
t
 
a
r
e
a
 
a
l
l
o
w
a
n
c
e
s
 
t
h
a
n
 
o
t
h
e
r
 
s
o
c
i
a
l
 
s
c
i
e
n
c
e
s
.

T
h
e
 
t
e
s
t
 
r
u
n
s
 
o
f
 
S
P
A
C
E
 
d
i
d
 
n
o
t
 
i
n
c
l
u
d
e
 
t
h
i
s

r
e
f
i
n
e
m
e
n
t
.

c
I
n
 
A
V
P
-
P
P
'
s
 
"
N
"
 
t
a
b
l
e
s
,
 
s
m
a
l
l
 
a
m
o
u
n
t
s
 
o
f
 
I
&
R
d
e
p
a
r
t
m
e
n
t
a
l
 
s
u
p
p
o
r
t
 
f
a
c
i
l
i
t
i
e
s
 
a
r
e
 
t
a
b
u
l
a
t
e
d
 
w
i
t
h
 
t
h
e

c
l
a
s
s
-

r
o
o
m
 
A
S
F
 
(
4
,
7
5
9
 
A
S
F
 
i
n
 
t
h
i
s

i
n
s
t
a
n
c
e
)
.

S
P
A
C
E
 
i
n
c
l
u
d
e
s
 
t
h
e
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
a
m
o
u
n
t
 
w
i
t
h
 
t
h
e

d
e
p
a
r
t
m
e
n
t
a
l
 
A
S
F
.



T
A
B
L
E
 
8

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
:
l
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
]
A
:

U
C
S
B
 
d
a
t
a
;
 
z
e
r
o
 
i
n
v
e
n
t
o
r
y
;
 
a
c
t
u
a
l
 
6
7
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
T
G
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
6
.
2

3
5
.
1

3
1
.
0

3
1
.
0

3
3
.
1

3
4
.
2

3
4
.
2

3
5
.
2

3
6
.
3

3
3
.
4

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
5
5

0
.
5
6

0
.
6
0

0
.
6
0

0
.
5
7

0
.
5
6

0
.
5
7

0
.
5
7

0
.
5
6

0
.
6
1

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
9
.
8

1
9
.
7

1
8
.
5

1
8
.
5

1
8
.
9

1
9
.
2

1
9
.
4

2
0
.
1

2
0
.
4

2
G
.
4

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

A
S
F
 
p
e
r
 
W
S
H

0
.
6
6

0
.
6
6

0
.
7
1

0
.
7
0

0
.
6
9

0
.
6
8

0
.
6
7

0
.
6
5

0
.
6
4

0
.
6
4

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H
/
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
2
.
5

3
3
.
2

3
5
.
4

3
5
.
5

3
3
.
9

3
3
.
4

3
3
.
7

3
3
.
9

3
2
.
8

3
5
.
7

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

1
6
.
5

1
6
.
4

1
6
.
8

1
6
.
1

1
5
.
9

1
6
.
5

1
6
.
4

1
6
.
5

1
5
.
0

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
0
8

2
1
0

:
0
6

1
8
9

2
0
4

2
0
8

2
0
3

2
1
7

2
3
1

2
1
8

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
1
2

3
0
8

2
8
1

2
7
9

2
9
5

,
^
,

3
0
2

3
1
3

3
2
7

3
2
2

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
4
3

2
4
2

2
2
1

2
1
9

2
3
1

2
4
0

2
3
8

2
4
4

2
5
6

2
4
9

O
t
h
e
r
 
F
a
c
u
l
t
y

1
7
8

1
7
1

1
5
5

1
5
4

1
6
4

1
7
1

1
6
9

1
7
2

1
7
9

1
8
1

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
4
1

9
3
1

8
5
3

8
4
1

8
9
3

9
2
1

9
1
2

9
4
7

9
9
3

9
7
0

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

9
6

9
7

9
8

9
8

9
8

9
8

9
8

9
8

9
9

1
0
1

C
l
a
s
s
 
L
a
b
s

1
0
2

1
1
2

1
2
8

1
3
0

1
3
3

1
3
5

1
3
5

1
3
5

1
3
8

1
4
1

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
4
1

2
4
2

2
4
2

2
4
2

2
4
2

2
4
2

2
4
2

2
4
3

2
4
4

2
5
0

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

1
5
0

1
5
5

1
5
5

1
5
5

1
5
6

1
5
6

1
5
8

1
6
0

1
6
5

1
6
6

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
7

5
8

5
9

T
o
t
a
l
 
I
&
R
 
A
S
F

6
4
5

6
6
1

6
7
9

6
8
1

6
8
5

6
8
6

1
6
8
9

6
9
1

7
0
3

7
1
6

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
$
1
0
0
0
s
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
4
,
8
7
3

1
4
,
6
6
7

1
3
,
4
3
9

1
3
,
3
6
9

1
4
,
1
0
3

1
4
,
5
1
8

1
4
,
4
6
0

1
4
,
9
3
1

1
5
,
5
5
1

1
5
,
3
9
0

M
&
O
 
o
f
 
P
l
a
n
t

1
,
2
4
6

1
,
2
8
9

1
,
3
3
6

1
,
3
5
5

1
,
3
7
5

1
,
3
9
2

1
,
4
1
1

1
,
4
3
0

1
,
4
7
0

1
,
5
1
2

D
e
b
t
 
S
e
r
v
i
c
e

4
,
8
2
6

4
,
8
7
0

4
,
8
9
0

4
,
9
0
7

4
,
9
3
0

4
,
9
7
5

5
,
0
4
4

5
,
1
0
3

5
,
1
2
4

5
,
1
2
4

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

2
0
,
9
4
5

2
0
,
8
2
7

1
9
,
6
6
6

1
9
,
6
3
1

2
0
,
4
0
8

2
0
,
8
8
6

2
0
,
9
1
5

2
1
,
4
6
4

2
2
,
1
4
5

2
2
,
0
2
5

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

3
1
,
6
8
2
a

5
2
,
5
0
9

7
2
,
1
7
5

9
1
,
8
0
6

1
1
2
,
2
1
4

1
3
3
,
1
0
0

1
5
4
,
0
1
5

1
7
5
,
4
7
9

1
9
7
,
6
2
4

2
1
9
,
6
5
0

a
I
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
 
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
1
9
6
9
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
9

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
S
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
1
B
:

U
C
S
B
 
d
a
t
a
,
 
z
e
r
o
 
i
n
v
e
n
t
o
r
y
;
 
a
c
t
u
a
l
 
6
7
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
I
C
 
=
 
7
 
a
n
d
 
I
X
 
=
 
3

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
6
.
0

3
5
.
8

3
2
.
0

3
3
.
7

3
3
.
9

3
5
.
8

3
4
.
7

3
4
.
9

3
3
.
5

3
5
.
5

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
5
5

0
.
4
6

0
.
4
8

0
.
4
6

0
.
4
6

0
.
4
5

0
.
4
7

0
.
4
7

0
.
5
1

0
.
4
8

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
9
.
8

1
6
.
4

1
5
.
5

1
5
.
6

1
5
.
7

1
6
.
0

1
6
.
2

1
6
.
5

1
6
.
9

1
7
.
0

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
0

1
2
.
3

1
2
.
3

1
2
.
3

1
2
.
3

1
2
.
3

1
2
.
5

1
2
.
5

1
2
.
5

1
2
.
5

A
S
F
 
P
e
r
 
W
S
H

0
.
6
6

0
.
7
5

0
.
8
0

4
.

0
.
7
9

0
.
7
9

0
.
7
7

0
.
7
7

0
.
7
6

0
.
7
4

0
.
7
4

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H
/
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
3
.
3

3
3
.
0

3
4
.
9

3
3
.
4

3
3
.
5

3
2
.
2

3
2
.
3

3
2
.
6

3
4
.
9

3
2
.
9

I
n
 
C
l
a
s
s
 
L
a
b
s

1
5
.
0

1
6
.
0

1
7
.
0

1
6
.
4

1
5
.
8

1
6
.
5

1
5
.
3

1
6
.
4

1
6
.
4

1
6
.
6

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
1
1

2
1
1

1
9
3

1
9
2

2
0
6

2
1
2

2
2
5

2
2
5

2
2
3

2
2
4

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
1
3

3
1
6

2
8
0

2
9
0

2
9
8

3
1
0

3
2
1

3
2
3

3
1
4

3
3
1

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
4
4

2
4
2

2
1
7

2
2
9

2
3
1

2
3
9

2
6
0

2
5
7

2
4
8

2
5
7

O
t
h
e
r
 
F
a
c
u
l
t
y

1
7
9

1
7
4

1
5
5

1
6
4

1
6
3

1
7
2

1
7
8

1
7
9

1
7
2

1
8
7

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
4
7

9
4
2

8
4
5

8
7
4

8
9
8

9
3
3

9
6
4

9
8
3

9
5
8

2
0
0
0

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

9
5

1
1
0

1
1
0

1
1
0

1
1
0

1
1
0

1
1
3

1
1
3

1
1
3

1
1
6

C
l
a
s
s
 
L
a
b
s

1
0
2

1
2
2

1
2
4

1
2
6

1
2
6

1
3
0

1
3
4

1
3
6

1
3
8

1
3
8

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
4
2

2
4
6

2
4
6

2
4
6

2
4
6

2
4
7

2
4
7

2
4
7

2
4
7

2
5
1

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

1
5
2

1
5
8

1
5
8

1
5
8

1
5
8

1
6
0

1
6
5

1
6
8

1
6
8

1
7
3

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

5
6

5
7

5
7

5
7

5
7

5
7

5
8

5
8

5
3

6
0

T
o
t
a
l
 
I
&
R
 
A
S
F

6
4
7

6
9
2

6
9
4

6
9
6

6
9
7

7
0
3

7
1
6

7
2
2

7
2
4

7
3
7

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
;
 
1
0
0
0

)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
4
,
8
9
7

1
4
,
9
5
1

1
3
,
3
6
2

1
3
,
8
2
0

1
4
,
2
3
8

1
4
,
7
8
4

1
5
,
4
5
9

1
5
,
4
2
7

1
5
,
0
7
4

1
5
,
8
6
2

M
&
O
 
o
f
 
P
l
a
n
t

1
,
2
4
9

1
,
3
5
0

1
,
3
6
7

1
,
3
8
4

1
,
3
9
9

1
,
4
2
7

1
,
4
6
7

1
,
4
9
4

1
,
5
1
3

1
,
5
5
6

D
e
b
t
 
S
e
r
v
i
c
e

4
,
9
3
1

4
,
9
4
6

4
,
9
7
6

5
,
0
3
0

5
,
0
9
1

5
,
1
4
0

5
,
1
8
5

5
,
2
2
9

5
,
2
4
9

5
,
2
4
9

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

2
1
,
0
7
6

2
1
,
2
4
7

1
9
,
7
0
5

2
0
,
2
3
4

2
0
,
7
2
8

2
1
,
3
5
1

2
2
,
1
1
1

2
2
,
1
5
0

2
1
,
8
3
6

2
2
,
6
6
6

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

3
2
,
0
1
5
a

5
3
,
2
6
2

7
2
,
9
6
7

9
3
,
2
0
1

1
1
3
,
9
2
8

1
3
5
,
2
7
9

1
5
7
,
3
9
0

1
7
9
,
5
4
0

2
0
1
,
3
7
6

2
2
4
,
0
4
2

a
I
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e

n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
 
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
1
9
6
9
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
1
0

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
S
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
1
0
A
:

U
C
S
B
 
d
a
t
a
;
 
a
c
t
u
a
l
 
i
n
v
e
n
t
o
r
y
;
 
a
c
t
u
a
l
 
6
7
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
I
G
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
1
.
8

3
1
.
1

2
7
.
7

2
7
.
7

2
9
.
6

3
0
.
6

3
0
.
6

3
1
.
4

3
3
.
2

3
1
.
1

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
4
8

0
.
4
9

0
.
5
3

0
.
5
3

0
.
5
0

0
.
5
0

0
.
5
0

0
.
5
0

0
.
4
9

0
.
5
3

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
5
.
3

1
5
.
4

1
4
.
6

1
4
.
6

1
4
.
9

1
5
.
2

1
5
.
3

1
5
.
8

1
6
.
2

1
6
.
5

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

1
3
.
4

A
S
F

E
e
r
 
W
S
H

0
.
8
7

0
.
8
7

0
.
9
2

0
.
9
2

0
.
9
0

0
.
8
8

.
.

0
.
8
8

0
.
8
5

0
.
8
3

0
.
8
1

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H
/
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
2
.
5

3
3
.
2

3
5
.
4

3
5
.
5

3
3
.
9

3
3
.
4

3
3
.
7

3
3
.
9

3
2
.
8

3
5
.
7

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

1
6
.
5

1
6
.
4

1
6
.
8

1
6
.
1

1
5
.
9

1
6
.
5

1
6
.
4

1
6
.
5

1
5
.
0

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
0
8

2
1
0

1
9
6

1
8
9

2
0
4

2
0
8

2
0
3

2
1
7

2
3
1

2
1
8

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
1
2

3
0
8

2
8
1

2
7
9

2
9
5

3
0
2

3
0
2

3
1
3

3
2
7

3
2
2

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
4
3

2
4
2

2
2
1

2
1
9

2
3
1

2
4
0

2
3
8

2
4
4

2
5
6

2
4
9

O
t
h
e
r
 
F
a
c
u
l
t
y

1
7
8

1
7
1

1
5
5

1
5
4

1
6
4

1
7
1

1
6
9

1
7
2

1
7
9

1
8
1

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
4
1

9
3
1

8
5
3

8
4
1

8
9
3

9
2
1

9
1
2

9
4
7

9
9
3

9
7
0

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

1
2
7

C
l
a
s
s
 
L
a
b
s

2
0
0

2
0
4

2
1
7

2
1
8

2
2
1

2
2
3

2
2
3

2
2
3

2
2
7

2
2
9

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
5
7

2
5
8

2
5
8

2
5
8

2
5
8

2
5
8

2
5
8

2
5
8

2
6
0

2
6
3

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

2
0
2

2
0
4

2
0
4

2
0
5

2
0
5

2
0
5

2
0
6

2
0
7

2
0
9

2
1
0

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

5
9

5
9

5
9

5
9

5
9

5
9

6
0

6
0

6
1

6
1

T
o
t
a
l
 
I
&
R
 
A
S
F

8
4
6

8
5
3

8
6
6

-

8
6
7

8
7
0

8
7
2

8
7
4

8
7
5

8
8
3

8
9
1

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
$
1
0
0
0
s
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
4
,
8
7
3

1
4
,
6
6
7

1
3
,
4
3
9

1
3
,
3
6
9

1
4
,
1
0
3

1
4
,
5
1
8

1
4
,
4
6
0

1
4
,
9
3
1

1
5
,
5
5
1

1
5
,
3
9
0

M
&
O
 
o
f
 
P
l
a
n
t

1
,
6
3
3

1
,
6
6
2

1
,
7
0
5

1
,
7
2
5

1
,
7
4
8

1
,
7
6
9

1
,
7
9
0

1
,
8
1
1

1
,
8
4
6

1
,
8
8
0

D
e
b
t
 
S
e
r
v
i
c
e

1
,
2
9
5

1
,
3
3
0

1
,
3
4
7

1
,
3
6
1

1
,
3
7
7

1
,
4
0
7

1
,
4
5
0

1
,
4
8
5

1
,
4
9
7

1
,
4
9
7

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

1
7
,
8
0
1

1
7
,
6
6
0

1
6
,
4
9
1

1
6
,
4
5
5

1
7
,
2
2
8

1
7
,
6
9
4

1
7
,
7
0
0

1
8
,
2
2
7

1
8
,
8
9
4

1
8
,
7
6
6

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

2
0
,
5
6
3
a

3
8
,
2
2
2

5
4
,
7
1
3

7
1
,
1
6
8

8
8
,
3
9
7

1
0
6
,
0
9
1

1
2
3
,
7
9
1

1
4
2
,
0
1
8

1
6
0
,
9
1
2

1
7
9
,
6
7
8

a
I
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
 
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
1
9
6
9
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
1
1

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
S
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e

S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
1
1
A
:

U
C
S
B
 
d
a
t
a
;
 
a
c
t
u
a
l
 
i
n
v
e
n
t
o
r
y
;
 
"
f
l
a
t
"
 
6
7
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
I
G
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
4
.
0

3
3
.
6

3
0
.
1

2
9
.
8

3
2
.
0

3
3
.
0

3
2
.
8

3
3
.
9

3
5
.
8

3
3
.
5

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
5
0

0
.
5
0

0
.
5
4

0
.
5
4

0
.
5
1

0
.
5
1

0
.
5
1

0
.
5
1

0
.
5
0

0
.
5
4

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
6
.
9

1
6
.
9

1
6
.
1

1
6
.
1

1
6
.
4

1
6
.
7

1
6
.
9

1
7
.
4

1
7
.
9

1
8
.
1

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

1
3
.
9

A
S
F
 
p
e
r
 
W
S
H

0
.
8
2

0
.
8
2

0
.
8
6

0
.
8
6

0
.
8
5

0
.
8
3

1
0
.
8
2

0
.
8
0

0
.
7
8

0
.
7
6

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H /
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
0
.
6

3
1
.
0

3
2
.
9

3
3
.
3

3
1
.
5

3
1
.
2

3
1
.
6

3
1
.
6

3
0
.
7

3
3
.
4

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

1
6
.
5

1
6
.
4

1
6
.
8

1
6
.
1

1
5
.
9

1
6
.
5

1
6
.
4

1
6
.
5

1
5
.
0

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
1
8

2
2
2

2
0
6

2
0
0

2
1
5

2
2
0

2
1
3

2
3
0

2
4
4

2
2
9

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
2
7

3
2
2

2
9
6

2
9
3

3
1
0

3
1
7

3
1
6

3
2
9

3
4
3

3
3
8

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
5
e

2
5
5

2
3
5

2
2
9

2
4
3

2
5
2

2
4
8

2
5
7

2
6
8

2
6
0

O
t
h
e
r
 
F
a
c
u
l
t
y

1
8
7

1
8
1

1
6
4

1
6
2

1
7
3

1
8
0

1
7
7

1
8
2

1
8
9

1
9
0

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
8
7

9
7
9

9
0
1

8
8
3

9
4
0

9
6
8

9
5
5

9
9
8

1
2
.
0
4
4

1
2
.
0
1
7

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

1
1
9

C
l
a
s
s
 
L
a
b
s

2
0
1

2
0
3

2
1
1

2
1
1

2
1
1

2
1
2

2
1
2

2
1
2

2
1
2

2
1
2

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
5
9

2
6
0

2
6
0

2
6
0

2
6
0

2
6
0

2
6
0

2
6
1

2
6
3

2
6
7

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

2
0
5

2
0
8

2
0
9

2
1
0

2
1
(

2
1
0

2
1
0

2
1
1

2
1
4

2
1
5

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

6
0

1

6
0

6
0

6
0

6
6

6
1

6
1

6
1

6
2

6
3

T
o
t
a
l
 
I
&
R
 
A
S
F

8
4
5

I
8
5
6

8
5
9

,
8
6
0

8
6
0

8
6
1

8
6
3

8
6
5

8
7
0

8
7
5

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
$
1
0
0
0
x
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
5
,
5
3
4

1
5
,
3
6
3

1
4
,
1
7
2

1
3
,
9
9
5

1
4
,
8
0
4

1
5
,
2
1
9

1
5
,
0
9
7

1
5
,
6
6
4

1
6
,
2
6
5

1
6
,
0
8
0

M
&
O
 
o
f
 
P
l
a
n
t

1
,
6
3
1

1
,
6
6
8

1
,
6
9
1

1
,
7
1
0

1
,
7
2
7

1
,
7
4
7

1
,
7
6
8

1
,
7
9
0

1
,
8
1
9

1
,
8
4
7

D
e
b
t
 
S
e
r
v
i
c
e

1
,
2
5
6

1
,
2
6
5

1
,
2
 
-
7
1

1
,
2
8
1

1
,
2
9
7

1
,
3
2
1

1
,
3
5
1

1
,
3
7
4

1
,
3
8
2

1
,
3
8
2

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

1
8
,
4
2
1

1
8
,
2
9
6

1
7
,
1
3
4

1
6
,
9
8
5

1
7
,
8
2
8

1
8
,
2
8
7

1
8
,
2
1
6

1
8
,
8
2
8

1
9
,
4
6
6

1
9
,
3
0
9

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

2
1
,
1
7
9
-a

3
9
,
4
7
6

5
6
,
6
1
0

7
3
,
5
9
5

9
1
,
4
2
3

1
0
9
,
7
1
0

1
2
7
,
9
2
6

1
4
6
,
7
5
4

1
6
6
,
2
2
0

1
8
5
,
5
2
9

I
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r

y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
1
9
6
9
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
1
2

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
S
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
1
2
A
:

U
C
S
B
 
d
a
t
a
;
 
a
c
t
u
a
l
 
i
n
v
e
n
t
o
r
y
;
 
"
f
l
a
t
"
 
4
4
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
I
C
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
2
.
8

3
2
.
3

2
8
.
7

2
8
.
3

3
0
.
4

3
1
.
4

3
1
.
3

3
2
.
2

3
4
.
0

3
1
.
8

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
4
8

0
.
4
9

0
.
5
2

0
.
4
8

0
.
4
6

0
.
4
5

0
.
4
6

0
.
4
6

0
.
4
4

0
.
4
8

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
5
.
7

1
5
.
7

1
4
.
9

1
3
.
6

1
3
.
9

1
4
.
2

1
4
.
3

1
4
.
7

1
5
.
1

1
5
.
4

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
5

1
3
.
5

1
3
.
5

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
,
1

A
S
F

E
e
r
W
S
H

0
.
8
6

0
.
8
6

0
.
9
1

0
.
9
6

0
.
9
5

0
.
9
3

0
.
9
2

0
.
8
9

0
.
8
7

0
.
8
5

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H
/
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
1
.
6

3
2
.
1

3
4
.
2

3
4
.
5

3
2
.
7

3
2
.
3

3
2
.
7

3
2
.
8

3
1
.
9

3
4
.
6

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

1
6
.
5

1
6
.
4

1
6
.
8

1
6
.
1

1
5
.
9

1
6
.
5

1
6
.
4

1
6
.
5

1
5
.
0

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
1
3

2
1
5

2
0
0

1
9
3

7
(
9

2
1
4

2
0
7

2
2
2

2
3
6

2
2
3

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
1
9

3
1
5

2
8
8

2
8
5

3
0
2

3
0
9

3
0
9

3
2
1

3
3
4

3
2
9

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
4
8

2
4
9

2
2
7

2
2
4

2
3
7

2
4
6

2
4
3

2
5
0

2
6
2

2
5
4

O
t
h
e
r
 
F
a
c
u
l
t
y

1
8
2

1
7
6

1
6
0

1
5
8

1
6
8

1
7
6

1
7
3

1
7
7

1
8
4

1
8
5

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
6
2

9
5
5

3
7
5

8
6
0

9
1
7

9
4
4

9
3
2

9
7
0

1
2
0
1
5

9
9
1

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

1
2
5

1
2
5

1
2
5

1
3
3

1
3
3

1
3
3

1
3
3

1
3
3

1
3
3

1
3
3

C
l
a
s
s
 
L
a
b
s

2
0
4

2
1
6

2
1
6

2
1
6

2
1
8

2
1
8

2
2
1

2
2
1

2
2
1

2
2
1

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
5
9

2
5
9

2
5
9

2
5
9

2
5
9

2
5
9

2
5
9

2
5
9

2
6
1

2
6
5

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

2
0
4

2
0
7

2
0
7

2
0
7

2
0
7

2
0
8

2
0
8

2
0
9

2
1
1

2
1
2

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

5
9

6
0

6
0

6
0

6
0

6
0

6
0

6
0

6
1

6
2

T
o
t
a
l
 
I
&
R
 
A
S
F

8
5
2

8
6
7

8
6
7

8
7
5

8
7
8

8
7
8

8
8
1

8
8
3

8
8
8

8
9
3

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
$
1
0
0
0
s
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
5
,
1
8
3

1
5
,
0
2
0

1
3
,
7
7
7

1
3
,
6
6
3

1
4
,
4
5
1

1
4
,
8
4
2

1
4
,
7
6
1

1
5
,
2
8
2

1
5
,
8
7
8

1
5
,
7
0
9

M
&
O
 
o
f
 
P
l
a
n
t

1
,
6
4
4

1
,
6
8
9

1
,
7
0
6

1
,
7
4
0

1
,
7
6
3

1
,
7
8
1

1
,
8
0
5

1
,
8
2
7

1
,
8
5
5

1
,
8
8
5

D
e
b
t
 
S
e
r
v
i
c
e

1
,
3
2
4

1
,
3
5
2

1
,
3
7
4

1
,
3
8
8

1
,
4
0
6

1
,
4
3
1

1
,
4
6
0

1
,
4
8
5

1
,
4
9
4

1
,
4
9
4

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

1
8
,
1
5
1

1
8
,
0
6
1

1
6
,
8
5
7

1
6
,
7
9
1

1
7
,
6
2
0

1
8
,
0
5
4

1
8
,
0
2
6

1
8
,
5
9
4

1
9
,
2
2
7

1
9
,
0
8
8

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

2
1
,
0
3
3
a

3
9
,
0
9
4

5
5
,
9
5
0

7
2
,
7
4
1

9
0
,
3
6
1

1
0
8
,
4
1
5

1
2
6
,
4
4
1

1
4
5
,
0
3
5

1
6
4
,
2
6
2

1
8
3
,
3
5
0

a
l
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
 
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t

9
6
9
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
1
3

U
t
i
l
i
z
a
t
i
o
n
 
R
a
t
e
s
,
 
C
l
a
s
s
 
S
i
z
e
s
,
 
F
a
c
u
l
t
y
 
&
 
T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s
,
 
A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
,
 
a
n
d
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

R
u
n
 
1
2
B
:

U
C
S
B
 
d
a
t
a
;
 
a
c
t
u
a
l
 
i
n
v
e
n
t
o
r
y
;
 
"
l
u
m
p
y
"
 
4
4
-
h
o
u
r
 
s
c
h
e
d
u
l
e
;
 
r
a
n
d
o
m
i
z
a
t
i
o
n
s
 
i
n
i
t
i
a
t
e
d
 
b
y
 
I
G
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

M
e
a
s
u
r
e
m
e
n
t

1
9
6
9
-
7
0

1
9
7
0
-
7
1

1
9
7
1
-
7
2

1
9
7
2
-
7
3

1
9
7
3
-
7
4

1
9
7
4
-
7
5

1
9
7
5
-
7
6

1
9
7
6
-
7
7

1
9
7
7
-
7
8

1
9
7
8
-
7
9

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

W
R
H
 
p
e
r
 
R
o
o
m

3
1
.
9

3
1
.
4

2
7
.
8

2
7
.
6

2
9
.
6

3
0
.
6

3
0
.
5

3
1
.
4

3
2
.
3

3
0
.
2

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
4
9

0
.
5
0

0
.
4
9

0
.
4
9

0
.
4
7

0
.
4
6

0
.
4
7

0
.
4
7

0
.
4
6

0
.
5
0

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
5
.
6

1
5
.
6

1
3
.
6

1
3
.
6

1
3
.
8

1
4
.
1

1
4
.
2

1
4
.
7

1
5
.
0

1
5
.
2

A
S
F
 
p
e
r
 
S
t
a
t
i
o
n

1
3
.
5

1
3
.
5

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
1

1
3
.
2

1
3
.
2

A
S
F
 
E
e
r
 
W
S
H

0
.
8
7

0
.
8
7

0
.
9
7

0
.
9
7

0
.
9
5

0
.
9
3

0
.
9
2

0
.
8
9

0
.
8
8

0
.
8
7

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e
 
(
W
S
H
/
W
R
H
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
1
.
9

3
2
.
5

3
4
.
6

3
4
.
9

3
3
.
1

3
2
.
6

3
3
.
1

3
3
.
1

3
2
.
2

3
5
.
0

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

1
6
.
5

1
6
.
4

1
6
.
8

1
6
.
1

1
5
.
9

1
6
.
5

1
6
.
4

1
6
.
5

1
5
.
0

T
F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
1
1

2
1
3

1
9
9

1
9
2

2
0
7

2
1
2

2
0
3

2
2
1

2
3
4

2
2
0

T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

3
1
6

3
1
3

2
8
6

2
8
2

2
9
9

3
0
7

3
0
6

3
1
8

3
3
1

3
2
7

N
o
n
-
T
e
n
u
r
e
d
 
F
a
c
u
l
t
y

2
4
6

2
4
7

2
2
5

2
2
1

2
3
5

2
4
5

2
4
1

2
4
8

2
6
0

2
5
2

O
t
h
e
r
 
F
a
c
u
l
t
y

1
8
0

1
7
4

1
5
8

1
5
6

1
6
6

1
7
4

1
7
2

1
7
5

1
3
2

1
8
4

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
5
4

9
4
7

8
6
7

8
5
2

9
0
8

9
3
8

9
2
4

9
6
2

1
L
0
0
7

9
8
4

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
(
1
0
0
0
s
)

C
l
a
s
s
r
o
o
m
s

1
2
6

1
2
6

1
3
4

1
3
4

1
3
4

1
3
4

1
3
4

1
3
4

1
3
6

1
3
6

C
l
a
s
s
 
L
a
b
s

2
0
6

2
0
6

2
0
9

2
1
6

2
1
7

2
1
7

2
1
7

2
1
9

2
2
0

2
2
5

R
e
s
e
a
r
c
h
 
F
a
c
i
l
i
t
i
e
s

2
5
8

2
5
8

2
5
8

2
5
8

2
5
8

2
5
9

2
5
9

2
5
9

2
6
0

2
6
4

O
f
f
i
c
e
 
F
a
c
i
l
i
t
i
e
s

2
0
4

2
0
6

2
0
6

2
0
6

2
0
6

2
0
7

2
0
7

2
0
8

2
1
0

2
1
1

S
u
p
p
o
r
t
 
F
a
c
i
l
i
t
i
e
s

5
9

6
0

6
0

6
0

6
0

6
0

6
0

6
0
,

6
1

6
2

T
o
t
a
l
 
I
&
R
 
A
8
1
(

8
5
3

8
5
6

8
6
7

8
7
5

8
7
6

8
7
6

8
7
7

8
8
0

8
8
7

8
9
8

V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
(
$
1
0
0
0
s
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

1
5
,
0
6
6

1
4
,
9
1
9

1
3
,
6
7
7

1
3
,
5
1
7

1
4
,
3
2
3

1
4
,
7
6
8

1
4
,
6
3
0

1
5
,
1
6
4

1
5
,
7
5
7

1
5
,
6
0
2

M
&
O
 
o
f
 
P
l
a
n
t

1
,
6
4
6

1
,
6
6
9

1
,
7
0
7

1
,
7
4
0

1
,
7
5
9

1
,
7
7
7

1
,
7
9
6

1
,
8
2
2

1
,
8
5
4

1
,
8
9
6

D
e
b
t
 
S
e
r
v
i
c
e

1
,
3
0
7

1
,
3
4
7

1
,
3
6
3

1
,
3
7
0

1
,
3
8
5

1
,
4
2
2

1
,
4
7
6

1
,
5
2
2

1
,
5
4
1

1
,
5
4
1

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s

1
8
,
0
1
9

1
7
,
9
3
5

1
6
,
7
4
7

1
6
,
6
2
7

1
7
,
4
6
8

1
7
,
9
6
7

1
7
,
9
0
2

1
8
,
5
0
8

1
9
,
1
5
2

1
9
,
0
3
9

C
u
m
u
l
a
t
i
v
e
 
T
o
t
a
l

2
0
,
8
5
1
a

3
8
,
7
8
6

5
5
,
5
3
3

7
2
,
1
6
0

8
9
,
6
2
7

1
0
7
,
5
9
5

1
2
5
,
4
9
6

1
4
4
,
0
0
4

1
6
3
,
1
5
6

1
8
2
,
1
9
5

a
l
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
 
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
1
9
6
9
 
-
7
0
 
n
e
e
d
s
.



T
A
B
L
E
 
1
4

S
u
m
m
a
r
y
 
o
f
 
S
i
x
 
1
0
-
Y
e
a
r
 
R
u
n
s
 
o
f
 
S
P
A
C
E
 
w
i
t
h
 
U
C
S
B
 
D
a
t
a

P
e
r
f
o
r
m
a
n
c
e

M
e
a
s
u
r
e
m
e
n
t

S
t
a
r
t
i
n
g
 
W
i
t
h
 
A
c
t
u
a
l
 
F
a
l
l
 
1
9
6
9
 
I
n
v
e
n
t
o
r
y

A
l
l
 
R
a
n
d
o
m
i
z
a
t
i
o
n
s
 
I
n
i
t
i
a
t
e
d
 
b
y
 
I
G
 
=
 
1
 
a
n
d
 
I
X
 
=
 
1

S
t
a
r
t
i
n
g
 
W
i
t
h
 
Z
e
r
o
 
I
n
v
e
n
t
o
r
y

D
i
f
f
e
r
e
n
t
 
R
a
n
d
o
m
i
z
a
t
i
o
n
s

"
L
u
m
p
y
"
 
S
c
h
e
d
u
l
e

"
F
l
a
t
"
 
S
c
h
e
d
u
l
e

"
L
u
m
p
y
"
 
6
7
-
H
o
u
r
 
S
c
h
e
d
u
l
e

6
7
-
H
o
u
r
 
W
e
e
k

(
R
u
n
 
1
0
A
)

4
4
-
H
o
u
r
 
W
e
e
k

(
R
u
n
 
1
2
B
)

6
7
-
H
o
u
r
 
W
e
e
k

(
R
u
n
 
1
1
A
)

,
.
4
.
-
H
o
u
r
 
W
e
e
k

(
R
u
n
 
1
2
A
)

I
G
 
=
 
1
;
 
I
X
 
=
 
1

(
R
u
n
 
1
A
)

I
C
 
=
 
7
;
 
I
X
 
=
 
3

(
R
u
n
 
1
B
)

C
l
a
s
s
r
o
o
m
 
U
t
i
l
i
z
a
t
i
o
n

(
a
v
e
r
a
g
e
 
i
n
 
t
h
e
 
1
0
 
y
e
a
r
s
)

W
R
H
 
p
e
r
 
R
o
o
m

3
0
.
5

3
0
.
3

3
2
.
9

3
1
.
3

3
4
.
0

3
4
.
6

S
t
a
t
i
o
n
 
O
c
c
u
p
a
n
c
y

0
.
5
0
a

!
1
.
4
8
a

.
4
8
a

0
.
5
2
a

0
.
4
7
a

0
.
5
7
a

0
.
4
8
a

W
S
H
 
p
e
r
 
S
t
a
t
i
o
n

1
5
.
4

1
4
.
5

1
6
.
9

1
4
.
8

1
9
.
5

1
6
.
6

A
S
F
 
p
e
r
 
W
S
H

0
.
8
7

0
.
9
1

0
.
8
2

0
.
9
0

0
.
6
7

0
.
7
6

A
v
e
r
a
g
e
 
C
l
a
s
s
 
S
i
z
e

(
a
v
e
r
a
g
e

i
n
 
t
h
e
 
1
0
 
y
e
a
r
s
)

I
n
 
C
l
a
s
s
r
o
o
m
s

3
4
.
0

1
3
3
.
3

3
1
.
8

3
2
.
9

3
4
.
0

3
3
.
3

I
n
 
C
l
a
s
s
 
L
a
b
s

1
6
.
2

I
1
6
.
2

1
6
.
2

1
6
,
2

1
6
.
2

1
6
.
1

F
T
E
 
F
a
c
u
l
t
y
 
&
 
T
A
s

(
a
v
e
r
a
g
e

i
n
 
t
h
e
 
1
0
 
y
e
a
r
s
)

T
e
a
c
h
i
n
g
 
A
s
s
i
s
t
a
n
t
s

2
0
8

2
1
1

2
2
0

2
1
3

2
0
8

2
1
2

R
e
g
u
l
a
r
 
F
a
c
u
l
t
y

7
1
2

7
2
3

7
4
8

7
2
9

7
1
2

7
2
4

T
o
t
a
l
 
F
a
c
u
l
t
y
 
&
 
T
A
s

9
2
0

9
3
4

9
6
8

9
4
2

9
2
0

9
3
6

A
s
s
i
g
n
a
b
l
e
 
S
q
.
 
F
t
.
 
i
n
 
t
h
e
 
1
0
t
h
 
Y
e
a
r

(
i
n
 
t
h
o
u
s
a
n
d
s
)

C
l
a
s
s
r
o
o
m
s

1
2
7

1
3
6

1
1
9

1
3
3

1
0
1

1
1
6

C
l
a
s
s
 
L
a
b
s

2
2
9

2
2
5

2
1
2

2
2
1

1
4
1

1
3
8

A
l
l
 
O
t
h
e
r
 
I
&
R

5
3
5

5
3
7

5
4
4

5
3
9

4
7
4

4
8
3

T
o
t
a
l
 
I
&
R
 
A
S
F

8
9
1

8
9
8

8
7
5

8
9
3

7
1
6

7
3
7

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
s
 
i
n
 
t
h
e
 
1
0
 
Y
e
a
r
s

(
i
n
 
m
i
l
l
i
o
n
s
)

S
a
l
a
r
i
e
s
 
&
 
S
u
p
p
o
r
t

$
 
1
4
5
.
3

$
 
1
4
7
.
4

$
 
1
5
2
.
2

$
 
1
4
8
.
6

$
 
1
4
5
.
3

$
 
1
4
7
.
9

M
&
O
 
o
f
 
P
l
a
n
t

1
7
.
6

1
7
.
7

1
7
.
4

1
7
.
7

1
3
.
8

1
4
.
2

D
e
b
t
 
S
e
r
v
i
c
e
b

1
6
.
8

1
7
.
1

1
5
.
9

1
7
.
1

6
0
.
5

6
2
.
0

T
o
t
a
l
 
V
a
r
i
a
b
l
e
 
C
o
s
t
S
b

$
 
1
7
9
.
7

$
 
1
8
2
.
2

$
 
1
8
5
.
5

$
 
1
8
3
.
3

$
 
2
1
9
.
6

$
 
2
2
4
.
0

a
0
.
6
0
 
t
o
 
0
.
7
5
 
i
n
 
m
o
s
t
 
r
o
o
m
 
s
i
z
e
s
;
 
o
v
e
r
a
l
l
 
r
a
t
i
o
 
r
e
d
u
c
e
d

b
y
 
d
i
s
p
r
o
p
o
r
t
i
o
n
a
t
e
 
e
f
f
e
c
t
 
o
f
 
a
 
f
e
w
 
v
e
r
y
 
l
a
r
g
e
 
r
o
o
m
s
.

b
i
n
c
l
u
d
e
s
 
d
e
b
t
 
s
e
r
v
i
c
e
 
i
n
 
p
r
e
c
e
d
i
n
g
 
f
o
u
r
y
e
a
r
s
 
f
o
r
 
f
a
c
i
l
i
t
i
e
s
 
c
o
n
s
t
r
u
c
t
e
d
 
b
y
 
S
P
A
C
E
 
t
o
 
m
e
e
t
 
f
i
r
s
t
-
y
e
a
r
 
n
e
e
d
s
.



44

FUTURE DEVELOPMENTS

Planning models, like freeways, are never really completed. There

are always old sections to be modified and new ones to be added. SPACE

is no exception. One major weakness of the model is the non-interchange-

ability of class labs from one level to the nel,t and from discipline to

discipline. Originally this restriction was intenacd to serve as a surro-

gate for the actual non-interchangeability of lab facilities between

fields within disciplines. However, for campuses which regularly schedule

a certain percentage of their lab classes in class labs of the 'wrong'

discipline, the current procedure is unnecessarily restrictive. Accordingly

the Office of Analytic Studies, California State University and Colleges,

is currently modifying the FAMSIX module to permit user-defined inter-

changeability of class labs.

Another questionable characteristic of the model is its inability to

construct class facilities optimally. Occasionally the model will encounter

a need for a new room of, for example, size 9 in one hour and a need for a

new room of size 10 in the next. Because the model, in its current form

cannot look ahead at construction time, it would build two rooms in this

case when one would have served the purpose. By assigning the lowest

priority numbers, i.e., the highest priority, to the most popular hours

this problem can generally b avoided. However, an additional routine to

'take a second look' at the construction needs should be developed. The

California State University and Colleges' Office of Analytic Studies is

working on such a routine, although it appears to be expensive to run.

The staffing calculations in the VARICOS module are still somewhat

simplistic. A more realistic model would include consideration of tenure
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status, death and retirement rates, and rank advancement probabilities.

These features are still under consideration.

Finally, at least in principle, the model is adaptable to micro

analysis of individual disciplines by treating the 33 'discipline' cate-

gories as individual departments or other course groupings with closely

related facilities needs. The feasibility of using the model at that

level of detail will be the next subject of investigation.
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APPENDIX
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INPUT SPECAFICATIONS: FAMSIX MODULE

1. IG, IX, S101, S210, S400 FORMAT (219, 311)

Two odd valued integers of 9 or fewer digits. IG is the starting value
for the randomization of the distribution of weekly student hours to
class sizes. IX is the starting value for the randomization which assigns
classes of a given size to room sizes. S101, S210, S400 are print switches
for Tables 101, 211 and 212, 401 and 402, respectively. Value = 1 means
print, value = 0 means don't print. One card.

2. NCAMP, NRUN, NDATE, NUMYRS, NYEAR FORMAT (4A4, 12, 14)

Descriptors of the run. NCAMP is a 4-letter abbreviation for the campus
name. NRUN is a 4-character alphameric code for the name of the run.
NDATE is an 8-character alphameric code for the date the run is performed.
NUMYRS is the number of years for which data is provided in this run.
NYEAR is a 4-digit integer representing' the base year for the run, e.g.,
1970. One card.

2a. DNAME FORMAT (20A4)

4 cards. The first 3 cards contain 10 entries each, the last card 4 entries.
Each entry is an 8-character alpha code for the name of a discipline. The
entries are arranged in natural order, 1-34. The 34th entry must be the
word "ALL." The entries should be left-justified in the 8-character fields.

3. ACS FORMAT (15F4.0)

The average class size in each class size range. One card, the entries of
which read from left to right in ascending order of sizes.

ITEMS 4 - 14 PERTAIN TO NON -LAB DATA

4. NSTATS FORMAT (13)

One card with one entry. The number of cards in data set 5 (which is equal
to the number in data set 6).

5. WSHR, J, K FORMAT (15F4.3, 6X, 12, Il)

For each combination of discipline, J, and course level, K, one card is
possible. Each card contains, in addition to the identifiers J and K, up
to 15 values. These are the means of the distributions of weekly student
hours to the 15 possible class size ranges in ascending order of size. For
combinations of J and K for which all values are zero, no card is necessary.
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6. WSHD, J, K FORMAT (15F4.3, 6X, 12, II.)

Same as data set 5 except the entries are standard deviations for the
distributions rather than the means of those distributions. (The distri-
butions are assumed to be Gaussian). For each card in data set 5 there
must be a corresponding card in data set 6.

7. NOURS, NGRUMP FORMAT (213)

NOURS is the number of hours in the week during which classes are
scheduled. The maximum value is 96. NGRUMP is the number of priority
listings, i.e., the largest r.. ber in the priority schedule to which an
hour of the week is assigned. The maximum value is 250.

8. GRUMP, GaUMP2 FORMAT (213)

There are NGRUMP cards, each with 2 entries. GRUMP is an integer in the
interval 1 through 96. GRUMP2 is the priority assigned to the hour (an
integer in the interval 1 through NGRUMP. The cards are to be oiaered by
hour in ascending order. Where there are multiple priority assignments
to a given hour the cards may be ordered in ascending values of GRUMP2.
For example, a set may begin with the ordered pairs: (1,6), (1,19), (2,5),

(2,7), (2,35), (4,16), (5,1), (5,17), .... All values of GRUMP2 in the
interval 1<GRUMP2<NGRUMP must be included. No values of GRUMP2 may be
repeated.

9. YELP FORMAT

The exponent for the function relating class size to
and the proportion of weekly student hours scheduled
hour. The form of the relationship is:

Here, x
a

f

p

y

(F10.0)

the hour of the week
in classes during that

x = afp
y

.

is the average class size in the hour;
is the average class size in all hours;
is a factor determined for each hour;
is the proportion of weekly student hours in scheduled classes
during the hour; and
is an`exponent which is not hour - specific.

10. FACT FORMAT (10F7.6)

The factor, f, in the function above. There are NOURS such values with 10
values per card. The first value on the first card is the factor for hour
#1. The first value on the second card is' the factor for hour #11, etc.
Thus, if NOURS = 78 for example, there would be 8 cards.
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11. DS8, L FORMAT (15F4.3, 10X, 12)

Proportion of classes of a given class size range which are assigned to rooms
in each room size range. For each class size range (i.e., 15) there is one
card. The cards are ordered in ascending values of class size range. L

is the class size range identifier. The sum of the 15 values on each card
must be 1.0.

12. NLREQ, NSTA, NLASF FORMAT (12X, 3112)

Base year inventory. There are 15 cards, one for each room size range.
The cards are ordered in ascending order of room size. Each card has 3
values. The first, NLREQ, is the number of rooms in the size range. The

second, NSTA, is the total number of stations in the rooms of the size
range. It is not the number of stations per room. NLASF is the total
number of assignable square feet in rooms of the size range.

13. NLFNS FORMAT (1514)

The number of stations in rooms which will be constructed by the model.
There is one card with 15 entries. Each entry represents the stations per
room for a given room size. The entries are ordered from left to right in
ascending order of size.

14. FFPSNL FORMAT (1514)

The number of assignable square feet per station for rooms to be constructed
by the model. There is one card with 15 entries. Each entry represents
the asf per station for a given room size. The entries are ordered from
left to right in ascending order of size.

15. - 22.

These data sets are identical respectively to data sets 4 - 11 except that
they represent LAB classes and rooms. Note that NSTATS, NOURS, and NGRUMP
may have different values for lab and non-lab data.

23. NCARDS FORMAT (I3)

The number of cards in data set 24.

24. L, LREQL, NSTAL, LASF, J, K FORMAT (12, 10X, 3112, 20X, 212)

For each class-lab size, L, discipline, J, and level, K, for which there is
non-zero data, there is one card. LREQL is the number of class-labs in the
base year inventory for the L-J-K combination. NSTAL is the total number
of stations in those class-labs. LASF is the total number of assignable
square feet in those class-laT)s. The order of the cards is not important.
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25. NCARDS FORMAT (I3)

The number of cards in data set 26 (which is equal to the number of set 27).

26. LFNS, J, K FORMAT (1514, 8X, 212)

For each combination of discipline, J, and level, K, with non-zero data
there is one card. Each card contains the number of stations in class-labs
to be constructed by the model in each size range. There are 15 values per
card, each representing the stations per lab for the 15 size ranges ordered
from left to right in ascending order of size. The cyder of the cards is
not important.

27. FFPSL, J, K FORMAT (1514, 8X, 212)

For each card in data set 26, there is a corresponding card representing the
a3signable square feet per station in labs to be constructed by the model.
The sets are identical in form and specification except asf-per-station is

-to replace stations=per-15b.'

ITEMS 28 AND 29 ARE TO BE REPEATED FOR EACH YEAR OF THE RUN (i.e., 28, 29,
28, 29, 28, ....)

28. WSH, J FORMAT (3F10.2, 39X, 12)

Non-lab weekly student hours. There are 33 cards, one for each discipline.
If there are no weekly student hours, for a given discipline a card which
is blank except for the discipline number in columns 70-71 must be included.
The cards are ordered in ascending order of discipline. Each card contains
3 values, one for each course level. The first value is for level 1, the
second for level 2, the third for level 3.

29. WSH, J FORMAT (3F10.2, 39X, 12)

Lab weekly student hours. This set is identical in form and specification
to set 28 except Non-lab is replaced by Lab.

NOTE: The maximum number of disciplines is 33.
The maximum number of levels is 3.
The maximum number of sizes is 15.
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IN°UT SPECIFICATIONS: VARICOS MODULE

It is assumed that the following shall apply to card-input. If VARICOS is
run in tandem with FAMSIX, the user may ,equest that FAMSIX will write data
sets 1, 13, and 14 onto tape or temporary disk storage. If this is done,
it is assumed that the storage file will "look like cards."

1. NCAMP, NRUN, NDATE, NUMYRS, NYEAR FORMAT (4A4, 12, 14)

1 card. NCAMP is a 4-character alpha abbreviation for the campus name.
NRUN is a 4-character alpha abbreviation for the name of the run. NDATE
is an 8-character alpha abbreviation for the date of the run. NUMYRS is
the number of years for which data is provided. (Maximum value is 10).
NYEAR is the base year for the run (e.g., 1969).

2. DNAME FORMAT (20A4)

4 cards. The first 3 cards contain 10 entries each, the last card 3 entries.
Each entry is an 8-character alpha code for the name of a discipline. The
entries are arranged in natural order, 1 - 33.

3. Al, A2, BV, B2 FORMAT (6F10.0)

132 cards arranged in 33 sets of 4 cards each. The first card contains Al,

(

the second A2, the third Bl, the fourth B2 for each set. The sets are
arranged b s,discipline in natural order. Each card contains 6 values:
first Non-lab*data for course levels 1-3 followed by Lab data for course
levels 1-3. Al is the proportion of weekly room hours in the appropriate
level, type, and discipline which are taught by TA's. A2 is the same
data for the non-TA part of the academic staff. (If there were no team
teaching .11 + A2 would equal 1.0). Bl is weekly contact hours per FTE
for TA's. B2 1.s the same data for the non-TA part of the academic staff.

4. FACSAL FORMAT (6F10.0)

1 card containing 4 values. Average yearly faculty salaries for the four
faculty types. In ord,lr, these are: TA's, irregular ranks, regular non-
tenured, tenured.

5. C2, D2 FORMAT (6F10.0)

33 cards arranged in natural order by discipline. Each card has 6 values:
2 for C2, and 4 for D2. The first C2 value is non-TA instructional staff
per TA in non-Lab courses, i.e., supervision by non-TA faculty of TA's
generated by non-Lab classes. The second C2 value is the Lab-class counter-
part of the first. (Typical values are 0.1). The D2 values are non-TA
faculty per student for each student level: LD, UD, Grad 1, Grad 2 in order.
These values represent independent study workloads when A2, B2, and C2 are
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5. (continued)

non-zero. They may be used to generate faculty on a strict student/faculty
ratio by setting A2, B2, and C2 to zero. However, it is necessary to
generate TA's via workload computation and the Al, Bl parameters.

6. SUPRAT, RKDIST FORMAT (6F10.0)

33 cards arranged in natural order by discipline. 4 values per card. The
first value is discipline support $ per non-TA faculty. The next 3 values
are the distribution of non-TA faculty by rank, i.e., proportion of non-TA
faculty which are, in order, Irregular, Non-tenured, Tenured.

7. R1, R2, 01, 02, Sl, S2 FORMAT (10F8.0)

33 cards arranged in natural order by discipline. 10 values per card. The
first 2 values are research ASF/non-TA faculty and research ASF/TA. Then
research ASF/Grad 1, and research ASF/Grad 2. 01 and 02 follow the same
pattern replacing research ASF pith office ASF. The ninth value, Sl, is
support ASF/research and office total ASF. The tenth value is'support ASF/
class-lab total.

8. CAPFAC FORMAT (10F8.0)

33 cards arranged in natural order by discipline. 5 values per card.
These are capital cost .fectors for each t:rpe of space, i.e., $/ASF for
classrooms, class labs, :esearch, office, and supporting ASF. Each of
these numbers will be multiplied by an index number (cf. Item 11 below) so
it is possible to treat these numbers as multipliers of an overall cost/
ASF index.

9. K, INASF (3-5, K), NDCHK FORMAT (12, 3110, 12)

Inventory of non-class ASF. For each discipline, K, with non-zero inventory
of non-Class ASF there is one card. nach card contains in order: discipline
number, inventory research ASF, inventory office ASF, inventory support ASF.
The last physical card must additionally contain a 1 in cc. 34 to signal
the end of the set.

10. SINFL, BR, BL FORMAT (2F5.0, 12)

One card containing 3 values. SINFL is an inflation factor - annual rate of
inflation for physical facilities less annual rate for operating costs plus
one - e.g., 1.01. BR is the rate of interest on bonds, e.g., 0.03. BL is
the bond life, e.g., 25.

11. CSTDST, D4MNO, DPSQFT FORMAT (10F8.0)

One card containing 6 values. The first 4 values are the aistribution of costs
over the 4-year period of capital construction for any project, i.e., the
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11. (continued)

proportion of the total project costs incurred in the first through fourth
years of construction. The fifth value is the overall VASE figure for
maintenance and operation of physical plant. The last value is the overall
$ /ASF figure for construction (or the comparable index figure - see Item 8
above).

ITEMS 12 14 ARE TO BE REPEATED IN ORDER FOR EACH YEAR OF THE TEST RUN

12. ENR, NDCHK, K FORMAT (4F5.0, 12, 46X, 12)

Enrollments by discipline and student level. For each discipline with
non-zero enrollments, one card containing 5 values. The first four values
are the enrollments for LD, UD, Grad 1, Grad 2, in order. The fifth value
is the discipline number (cc. 69, 70). The last physical card must contain
a 1 in cc. 22 to signal the end of the data group.

13. I, K
WRH

FORMAT (212)
FORMAT (314)

Weekly room hours by course level, discipline, and class type. For each
combination of discipline and class type with non-zero weekly room hour
data there are two cards. The first card contains two values, the class
type, I, and the discipline number, K. The second card contains three
values: the number of weekly room hours in each course level for that
discipline and class type. The WRH are ordered LD, UD, Grad.

At the end of this group of cards, there must be one blank card to signal
the end of the data group.

14. K, INASF, NWASF IORMAT (12, 4110)

33 cards containing 5 values per card. The cards are ordered serially by
discipline. The first value is the discipline :limber. The next two values
are the non-Lab and Lab inventories. The final two values are the non-Lab
and Lab newly constructed ASF. The inventories include the new ASF.
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C
IHIS IS FAMSIX DESIGNED AND WRITTEN BY DGAOVAN SMITH, W. GARY WAGNER,

AND JOHN LAFLER OF THE OFFICE OF ANALYTICAL sTJOIES,
VICE PRESIUENT - PLANNINO, UNIVERSITY OF LALIFJRNIA.

C THE COOING OF SUBROUTINE NLSPIL HAS BEEN ACAPTED FROM CCHE-FAM,
A PRODUCT OF MATHEMATIC:A INC.

LOMMENTS REFER ru THE FLOW CHART OF FAMSIA dY BOX LETTER.

THIS PROGRAM HAS BEEN TIMED BY A BOOLE ANO BABBAGE PRODUCT ANO
C FINE-TUNING PROGRAM CHANGES MADE FOR INCREASED EFFIOIENCY.
C

WEEKLY STUDENT HOURS, CLASS SIZES AND RLGM HOURS ARE GENERALLY
LARRLED AS INTEGERS PAU ROUNDED WHEN NECESSARY.

C INIEGER*2 IS USED THROUGHOUT THE PROGRAM TO MINIMIZE STORAGE.
C

C HERE FOLLOWS A OICTIONARY OF MOST VARIABLES USED IN THISPROGRAM
EXCEPT THOSE OF THE FORM L,LL,JJJ ETC WHICH ARE LOCAL COUNTERS
JR DO LOOP ARGUMENTS.

C

ACS IS THE AVERAGE CLASS SIZE FOR 15 GLASS SIZE INTERVALS
ADUM IS THE TEMPORARY HOLDING VARIABLE HOLDING GAUSSIAN RANDOM NUMBER
AFT THE WORO 'AFTER' FOR TITLES

C AWSH IS THE INITIAL COUNT OF WEEKLY STUDENT HJURS
BEE THE WORD 'BEFORE' FUR TITLES

C DATA TEMPORARY VALUES ACCUMULATED FOR PRINT LINES
CNAME DISCIPLINE NAME FOR REPORT PRINTING

C CS8 (FAM DATA SET 81 SHOWS PRobAolLITY JF CLASS OF A GIVEN SIZE
BEING IN ROOM CF A GIVEN SIZE

C FFPSL SPICE STANDARD: NUMBER ASF PER STATION FOR LABS TO BE .BUILT
FFPSNL SPACE STANDARD: NUMBER ASF PER STATION FUR CUSS RU,OMS TO

13E BUILT
FPS TEMPORARY VARIABLE: FEET PER STATION USED IN TABLES/3011302
FPWSH ASF PER WEEKLY STUDENT HOUR
GASP IN HOUR LOOP IS TEMPORARY VARIABLE HOLUING DISTRIBUTION OF

CLASS SIZES BY ROOM SIZES
18LO TEMPORARY NUMBER OF ROOMS TO BE BUILT IN HOUR LOOP

10 IS THE VALVE USED IN GENERATING RANDOM NUMBERS FOR THE
VARIATION In WEEKLY STUuNT HOURS.
INASF CURRENT NUMBER OF ASSIGNABLE SQUARE FEET FOR USE BY VAR(CUS
IX IS THE VALUE USED IN GENERATING RANUJM NUMBERS FOR THE
VARIATION IN ROOM SIZE ASSLiNLO TO A GIVEN CLASS

FACT IS HOURLY FACTOR USED IN AUDUSTING CLASS SIZE BY HOUR
GRUMP IS THE -HOUR TO WHICH EACH PRIORITY IS ASSIGNED
GROAPZ IS THE PRIORITY ORDER OF THIS PRIORITY
JUM IS A TEMPORARY VARIABLt REPRESLNTING CELLS OF JWRH IN TURN
JWALK IS AN ORDERED LIST OF CLASS HOURS

C JWRH IS USED TWICE. THE FIRST TIM IT [S THE WEEKLY ROOM HOURS
DERIVED.FROM THE ORIGINAL WEEKLY STUJENT HOURS. THE SECOND

C THE IT IS THE WEEKLY ROOM HOURS ASSIGNED IN THE HOUR SIZE
FUNCTION BY DISCIPLINE, LEJEL, AND SIZE FJR THAT HOUR.

KFCSZ SUMS OF CLASSES BY CLASS SIZE Edit TALLLS 101,402
C KHRSZ SUMS OF CLASSES BY ROOM SIZE FOR ratio:is 41/4)1,4192

KWRO HOURLY CLASS HOURS BY,DIsLIPLINE, LEVEL AND REVERSE SIZE
C ALL CAREFULLY LUMPED AS SINGLE. SUBSCRIPT
C KKWkd HIJURLf CLASS HOURS BY SIZE ONLY, USED I' HOUR SIZE FUNCTION
f. KWRHO SAME AS KWRH BUT PROPERLY SUBSCRIPTEU
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LASE NUMBER OF ASSIGNABLE SQARE FEET IN LABS
LBLUL LAB ROOMS TO bE BUILT
LENS IS THE NUMBER OF STATIONS UY SIZE FOR GLASS LABS TO BE

BUILT
LP IS USED FIRST AS THE SIMPLIFIED SUdSCRIPr.JF FIRST JWRH. LATER

IT IS POINTER TO CURRENT PRIORITY TO BE UsEJ LN HOUR LOOP.
LPP IS UDED AS PuINTER TU EVERY CLASS HOUR WHEN MAKING UP JWAEK. (LP

IS ONLY POINTER TO EVERY CELL OF CLASS HOURS.)
LREO L.ASF SUMMED OVER DISCIPLINES FOR PRINTING
LREQL iS THE INVENTORY OF CLASS LABS AT hNY TIME

C MREQ IS EREOL SUMMED OVER DISCIPLINE FOR REPORT PURPOSES
C MNRH CLASSES OVER ALL HOURS BY UISLIPLINE, LEvEL, CLASS SIZE
C .ANO RGUM SIZE FOR LABS.

MNRHD TEMPCRARY COUNT OF ROOMS BY SIZE, UISCIPLINE ANO LEVEL
C WITHIN HOUK LOOP. UPDATED IN NESPIL.
C N1 IS THE NUMBER 1 REPRESENTING THE CARD READER IN INPUT

N5 IS THE NUMBER 2 REPRESENTING THE OUTPUT FILE FOR VARICOS
N6 IS THE NUMBER 5 REPRESENTING THE PRLNTER IN OUTPUT
NCAMP IS "E NUMBER. OF THE CAMPUS FOR PRINTINGI
NUM./A TEN. JRARY VALUES ACCUMULATED FOR PRINT LINES
NOATE IS THE DATE(8 CHAR FOR PRINTING)

C NERR IS THE NUMBER OF ERRORS FOUND DURING READ IN OF DATA
C NEwRH TOTAL WEEKLY ROOM HOURS OVER ALL HULAS. .

NEWTOT IS FIRST JWRH SUMMED OVER DISCIPLINES FU REPORTS
C NGRUMP IS THE NUMBER OF PRIORITIES IN OGCURENCE FOR HOURS
C NIT IS THE ITERATION NUMBER (FUR PRINTING)

NLASF TEMPORARY VARIABLE: USED FOR COMPUTING UTILIZATION RATES IN
C fAaLt5 301,302
C NLBLD NUN-LAB ROOMS TO BE (WILT

NLENS IS THE NUMUER OF STATIth4S BY SIZE FOR CLASSROOMS TO BE
C BUILT
C NERLO IS THE INVENTORY OF CLASSROOMS AT ANY TIME
C NNHULD NUMBER OF STATIONS: ORIGINAL + BUILT OY SIZE AND LEVEL
C NO1 TABLE NUMBERS FOR TITLES
C KUNRH SUM OF NEWRH OVER DISCIPLINE FOR TOTAL LINES
C NOURS IS THE NUMBER OF HOURS WHEN CLASSES MAY OCCUR

NPR() 'NON' UR BLANK FOR TITLES
C ARMS THE SUM OF THE WEEKLY ROOM HOURS IN THAT HJUR(ONE NUMBER)
C NRCCM 'ROOM' OR 'LAU, FOR TITLES

NRUN IS THE RUN NUMBER (F.OR PRINTING)
C NSTA IS THE NumeeR OF STATIONS BY SIZE FOR CLASSROOMS

NSTAL IS THE NUMBER OF STATIONS UY SIZE FUR CLASS LABS
C NWASF ASSIGNABLE SQUARE f-.ET OF NEW ALCMS T. LABS FOR VARICUS USE
C NYEAR IS THE NUM,!,ER OF THE YEAR (FOR PRINTING)

5101 INPuT SAITCH TU PRINT TAULE 101
C S210 INPUT SWITCH TO PRINT TABLES 211,212

S' U0 INPUT SNITCH TO PRINT TA4LES 401,4J2
WRNS TEMPORARY COUNT OF ROOMS BY SIZE WITHIN HUJR LOOP, UPDATED

IN LLSPIL.
TIRHSAV ES WEEKLY ROOM HOURS ASSIGNED IN THE HOUR SIZE FUNCTION BY

oiSCIPLINE, LEVEL AND SIZE FUR ALL HOURS
C TIRHSUM TOTAL WEEKLY ROOM HOURS OVER ALL HOURS
C WRHZUM CLASSES OVER ALL HOURS by GLASS SIZE AND ROOM SIZE FOR

NON-LABS.
kSH IS THE BASIC WEEKLY STUDENT HOURS BY. DISCIPLINEILEVEL

C AND LAU-NUN LAB AS READ [N (NOT DESTROYED)
WSHI IS THE RANDOMIZED WSH INPUT OVER CLASS SIZE.

C NSHD IS THE DEVIATION USED IN GENERATING rANUJM CHANGES 1N
WEEKLY STUDENT HOURS



WSHR IS THE MEAN OF THE DEVIATION USED IN GENERATING RANDOM
C CHANGES IN WLEKLY STUDENT HOURS

XDUM BECOMES THE CORRECTION RATIO TO STABILIZE rHE WEEKLY
STUUENT HOURS BY OISCIPLINE AND LEVEL IN sP(rd OF RANDUM

C CLASS SIZE
C YELP IS THE POWER FACTOR USED IN ADJUSTING CLASS SIZE BY HOUR
C

C

DIMENSION ACSIISit OS8115,15,21, NDATEIL), 4514(33,3,2)1
1. AUUM(15), FACT(9612), NLAS1-(1.5), WSA0(3313,15,2),

AFT(2), INASF(2,331, NPROI1), WSHR(33,3115,2),
3 AWSH(3313,21,LASF(15133,3),NRCOM(2), WSH1(3301115),
4 BEF(2), LREQ(3,15), NWASF(2133),YELP(2),
ti DATA(3), NOATA(3), NO1(01,

DNAME(2,34)

INTEGER*2 FFPSLI15,3313), KWRIIO(33,3,15), NNHOLOI3r15),
1. FFPSNL(LS), LBLDLI15,33.31, NONR.113,15I,
Z GASP(15.15), LFNS(15,33,3), NOURS(2),
3 GRUMP(250,2), EREOL(I5133.3)g NSTA(I5),
4 GRUMPZI250,2), MRE1)I3,15), NSTAL(1.5,331.3),
5 IdED(15), MWRH(15,15133,31p WRHSI15),
b MWRHO(1jr3313), WRHSAV(311.511331t
7 JWALKI12500), NEWRHI33,3115), 11RHS011(15)1
d JWRH(3,15133), NEW-M3,15h WRHZUM(15,15),
9 KHCSZ(15), NGRUMP(Z)t
A KHRSZ(15), NL81.0(15), 5101,
a KKWkH(15)s NEFNS(15), SLID,
C KWRH(1485), NEREQI151v 5400
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C
EQUIVALENCE STATEMENTS ARE FOR 4TURAGE EFFICIENCY EACEPT FOR VARIABLES

KWRH AND KWRHO. WHERE A FUNCTIONAL CROSS EXISTS.

C

EQUIVALENCE lACIUM(1),NEWRN(I),WRHSUMIII)
EQUIVALENCE IKWRH(1)1KWRHUII/tMWRHDII)rWRHSII))
EQUIVALENCE(MWRH(1),WRHZUM(1))
EQUIVALENCE (MWRH(60011,WSHI(1))
EQUIVALENCE ILEILDL(I1INLBLO(11)

DATA STATEMENTS ARE FOR REPORT HEADINGS
JATA NO111),N01(2),N01(3),N01(4)1N01(5)1,NDII6IpNROOMII),NROOMI2),
19011002"1111'012.1121111'22','RCOM'll LA81/
DATA NPRO(1),NPROMPNON'll '/
DATA BEF(1)1BEF(2),AFTIII,AFT(Z)/18EF",'ORE'l'AFT.OER'/
141=1
N 6 =6

N5=2
NZER0:-..0

NERRO

C FOR SIGNIFICANCE OF INPUT VARIABLES SEE INPUT DOCUMENTATION (BOX A)
READ(N11900) IGIIX,S101.15210,S400
WRITE(N0,901)1G,IX
READ IN1190Z) NCAMP,NRUNINDATEINUMYRS,NYEAR
WRITE (N5 902 )NCAMPOIRUNt NOATEiNliMYRS.NYEAR
READ(N1,949) [NAME
READINI,J03) ACS

C

FCLtAR, KCLEAR(INTEGER*2)1 AND KKLLEAR ARE SIMPLE CLEARING ROUTINES
CALL FCLEARr4SHR,29701
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CALL FCLEAR(WSH012970)
CALL KCLEARILFNSI1485/
CALL RCLEARILRECILI14851
CALL KCLEARINSTAL,1485/
..ALL KKCLER(LASF11485)
LALL KCLEAR(FFPSL,1485)
U0 10 11=1,2
REAU(NIt9041NSTATS
UU 11 M=IINSTAIS
REAO(N11905) JIKI1WSHRIJ.K.LIIIIIL=1,151
UO 12 M=I,NSTATS

12 REAUINI005/ JIKIIWSHO(J.K.LpII/oL=1,15)
REAU(N1,904) NOURS1II/pNGRUMPIII)
NOR=NORUMP(Ill
U0 13 J=IINGR

/B REAUINII9U4/ GRUMPIJOI,-GRUMP21J,11/
KEAO1N1,906/ YELP(III
NOU=NOURS(II)
REAU(N11907) IFACT(Ng11)1N=1,NOU/
U0 14 LL=1,I5
REAUIN1,908/ LvIOSB(LIM,II/eM=1,15)

C

C VARIOUS DATA CHECKS ARE PERFORMED BUT THE PROGRAM ONLY STOPS AT
C BEGINNING OF ACTUAL COMPUTATION IF ERRORS HAVE dEEN FOUND.

IF(L.NE.LL) CALL ERRORINERR,6)
C
C US8 IS MADE INTO A CUMULATIVE .LIST

00 i4 M =2, I5
It USOLL,M111)=OSBIL,MoI1/+DSB(L.M-1.111

1F(NERR.NE.U) STOP
IfIlL.E.4.2) GO TO 16
UU £5 1.=1,15
REAU(N1,909/ NLREQIIJ,NSTAILIIINLASFIL/
KEAU(N11910) NLFNS
REAUIN1,910/ FFPSNL
60 TO 10

1B REAU(N1,904) NCARDS
00 17 M=/,NCAROS

17 KEAJINI,911/ L,J,K,LREQL1L,J,K/INSTAL11,JIMILASFILgJ,K,
READ (N1,904) NCARDS
U0 i.e M=IINCAROS

Id REAU1N1,912/ JrK/ILFNS(L.J1K),L=1,151
00 M=IINCAROS

/9 REAUIN1,912/ J,K,IFFPSL(L,J,KI,L;=1,15)
1U CONTINUE

C
MERL STARTS MAJOR LOOP OF PROGRAM DOING ALL MURK FOR EACH VCAR(BOX B)
u0 100 NIT=IINUMYRS
IFINIT.GT. II NYEARz:NYEAR + I
00 101 (i=1,2
1I0 101 JJ4Ip33
REAOIN11928/
iF(JJ.NE.J) CALL ERRORMERR,51

lul LONfINUE
1F(NERR.NE.0) STOP
t.AIL FCLEARIAIISH,190,
LALL KKCLER(LNASF,66)
CALL KKCLERINRASFit6G1

C.



C TABLE 101
IF(:)101.E0.01 GO TO 102
cALE PE PI(N01(1),NCAMPINYEAR.NIT.NRUN,NDATE,WSH,I,0NAME)

1J1 CONTINUE
C

C HERE STARTS LOOP FUR CLASS TYPE: 2=LAB, 12: NUN -LAB.
U0 100 11=1,2
CALL KCLEAR( WRHSAV, 1485)
NGR-=NGRUMP(II)

101 Jm1,33 ,,,,,,,

00 101 K=1,3
ADUM=0.
U0 402.1_41,15
AUUM(L)g=0.

C

C GAUs5 IS RANDOM NUMBER GENERATOR FOR NORMAL oEviArcs
iF(SHD(J,K,L111).GT. .0001.0R. WSHR(J,KI,L.11).Gf. .0001)

'CALL GAUSS(IGIWSHD(J,K,L,1111,WSHR(JirK,L.I1),ADUM(L1)
1F(ADUM(L) .LT. 0.1 ADUM(L)=0.

201 AUEM=ADUM(L)+XOUM
iF(XCUM.GT. .001) XDUM=1.0/XDUM
UU 201 L=1,15

C
C UISTRIBUTE WSH TO CLASS SIZES BY DISCIPLINE AND LEVEL
201 WSH1(J,KipL)=ADUM(L)*XUUWAwSH(J,K.11)

JO 210 J=1,33
UO 210 14=1,3
00 210 L=1,15
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(BOX DI

(BOX E)

C

C NORMALIZE FISH AND GENERATE INITIAL WEEKLY CLASS HAURS BY DIVIOING
C BY AVERAGE CLASS SIZE AND ROUNDING TO INTEGERS toox F)
210 JWRH(KIL,J1=WSHI(J,KIL)/ACS(L1+.5

1F(5210.IN.0) GO TO 213
CALL XCLEAR(NEhTOT,45)
WRITE(N6013) NO1(1I+21.NICAAP,NYEAR,NPRO(11),NIT,NAUNODATE.BEF
UO 211 J=1,33
UO 112 K=1,3
UO 212 L=1,15

211 NEWTOT(KtL)=NEWTOT(K,L)+JWRH(K.LtJ)
C
C TABLES 211,212
211 LALL PEEP2(J,JWRH(191.J1fACS,1110.0NAME1

CALL PEEP2(34,NEWTOTIACS,11,00NAME)
C
C THE DO 220 LOOPS ARE IN PREPARATICN FOR PRIORITY SCHEDULING
C wITHIN THU HOURLY LOOP. THE VARIABLE KWRH IS THE VARIABLE

KWRHO CLNSIOERED IN THE FORTRAN STORAGE JRDER AS A ONE-DIMENSIONED
C vAR1ABLk. JWALK IS AN ORDERED LIST OF POINTERS TO THIS VARIABLE

sORIED ay REVERSE SIZE OF CLASS, LEVEL ANU OISCIPLINL. WHEN THE
C PRIORITY ASSIGNMENT IS WANTED IT WILL BE EASY TO 'WALK° DUNN THE
C JWALK LIST.

11J LP=J
LPP40
SUM=0.
u6 420 LL=1,15
DO 120 K=1,i
DO 420 J=1,33
JUM=JhRH(K.15 -LL,J)
cP=EP+1
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IF(JUP.E.).0) GO TO 220
SUM=SUM+JOM*ACS(16LL)
UG 421 A=1,JUM
LFP=LPP1-1

211 JWALK(LK)-LP
Z.!0 CONTINUE

LP=1
IF(II.EQ.2) GO TO 230
LALL KC.CiAR(NLELD115)
CALL KCLEAR(WRHZUMs225)
',ALL KCLEAR(WRHSUM,I5)
Oc TO 231

230 ..ALL KCLEAR(LBLOL11485)
CALL KCLEARIMWRH122275)
CALL KCLEAR(NEWRH,1485)

1 IF(s4CO.E61.1) WRITE(N6,914IN01(11),NROOM(II)
NOU=NGURS(II)
CALL KCLEAR(IBLUt15)
CALL KCLEAR(JWRH11485)
CALL KCLEAR(KWRH11485)

CALL KCLEAR(GASP,225)
C

HERE STARTS ThE HOURLY LOOP (BOX G)
JO 3U0 N=1,NOU

C
CHECK TO SEE IF ALL REMAINING HOURS ARE EMPTY
IF(LP.GT.NGRUMP(II)) GO TO 300.-
NSW =O

C
CHECK TO "..EE IF THIS HOUR HAS A PRIORITY ANJ SET SWITCH

301 IF(6RUMP(LP,11).NE.N)GO TO 303
NSW=1
M=GRUMP2(LPIII)
LP=LP+1.
LW 302 Nh=PILPF,NGR
KNN=JWALK(NN)

C
ASSIGN CLASS HOURS BY PRIORITY(SEE LONG COMMENT ABOVE)

3U4 KWRH(NNN)=KWRH(NNN)+1
60 IC 301

30.3 CONTINUE
IF(NSW.E0.0) GO TO 300
iF(400.E(1.0) GO TO 304
NRMS=0
CALL KCLEAR(KHC$Z,15)
CALL KCLEAR(KHRSZ.15)

304 WHSJM=0
JO 310 L'=1,15
wKliRH(L)=0
JO JI0 4n11'133
00 310 A=1,3
IF (KWRHU(J,K,16L) .EQ. 0 ) GO TU 310

(BOX H)

C
FINJ NUMBER OF CLASS HOURS B't' SIZE AND HOUR IN PREPARATION FOR THE

HOUR SIZE FUNCTION ROUTINE.
KKWRH IL ) KI4RHt Ll+KWRHD(J R116-1-)

C
C wHSOM IS SUM OF WSH FOR HOUR ANO IS NEEDED FOR FA.

WHSUMcWHSOM+KWRHO(0,Kr16L)*ACS(L)



31U CONTINUE
C

THIN GENERATES THE HOURLY SIZE VARIATION
tX=FACTINtII1*(WHSUM/SUM)*#YELP(11)

60

C
C IhE 11CUR SIZE FUNCTION APPLIES FX AND CHANGES /4.00.4 HUURS (BOX I)

CALL HRSZFNIKKWRH,ACS,JWRHt KdR/10,1X1(Y1FX)
KSWCH=0

C
NOTE THAT THIS LONG 400 LOUP IS BEING DONE 8Y YEAR, CLASS TYPE, HOUR,

DISCIPLINE, AND LEVEL AND THAT IT HAS 00JULE ANU TRIPLE LOOPS
C dITHIN IT. EVERY OPPORTUNITY IS TAKEN TO BYPASS, BUT
C COOING ADDEO HERE COULD BE EXPENSIVE.

GO 400 J-1,33
00 400 K=1,3
u0 410 L=1,15
IF IBWRH(KtLtJ) .EL). 0) GO TU 410
NN=DWRHIRtLtJ)
WRHSAV(K,LtJ)=WRHSAV(K,L,J)+NN
JWRHIKtLIJ3 =0
KSIILH=1
DO 411 1=101N

C

C RANJU IS A RANDOM NUMBER GENERATOR FUR A UNIFJRMLY DISTRIBUTED
C RANDOM VARIABLE ON THE CLOSED 0,1 INTERVAL

.ALL RANDUI1XtlYtRAT(0)
IX=IY
U0 412 M=Lt15

C
clAsSES ARE ASSIGNED TO ROOMS ACCORDING TO THE INPUT PROBABILITY

C DISTRIBUTION (0S8). AT THIS POINT WE SdITGH FRUM WEEKLY CLASS HOURS
10 WEEKLY RCOM HOURS.

/FIRATIO.GT.DS8(LtMtlI)) GO TO 41Z
GASPIM,L)=GASP(MtL)+1
IF(11.EQ.2) GO TO 413
WRHS(M)=WAHS(M)+1
GO TO 411

:,3 MWPHD(M,J,K)=MWRHO(NtJeK)+1
,O TO 411

41G CONTINUE
WRITE(N6,915)
STOP

411 CONTINUE
41U CONTINUE

iF(11.EQ.1) GO TO 400
IF(KSWCH.EQ.0) GO TO 400
KSWCH=0

C
C MLSPIL ASSIGNS CLASSROOMS. ROOMS ARE NOT 'BUILT' IF A LARGER ROOM

IS FREE, BUT THE CLASS IS SPILLED UP. (BOX K)
CALL NLSPILIIBLU1 15,MKRHO(ltJtK),LREWLIIIJIK/IGASP)

C
C COLLECT DATA FOR TABLE 401 IF NECESSARY

IF(S400.EQ.0) GO TO 414
UO 418 L=It15
U0 417 M=1115
KHCSLIM)=KhCSZIM)+GASP(L,M)

. 417 KHRaZ(L)=KhRSZ(L)+GASP(LIM)
416 NRMs=NRMS+KHRSZ(L)
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4/4 UO 415 L=1,15
UO 416 M=1,15

THIS LARGE MATRIX IS NECESSARY BELAUSE OF OCLUPANCY RATE REQUIREMENTS
Mo4RH( LIM,J,K)=MWAH(LO:JIK)+(,ASPIL,M)

410 0ASP(L,M)=0
LBLOL(L.J.K)=LBLDL(LeJ,K)+IBLD(L)
1ULUIL)=0

C
C SO YOU WON'T LOSE TRACK OF WHAT YOU HAVE ALREADY

IFIPUIRHDILIJIKI.GT.LREOL(LIJ,K)) LREOL(L,J1K)=MWR10(LsJ,K)
NEWAHIJ,KpL)=NEWRH(J,K,L)+MWRHD(L,J,K)
MWMC(.L,J,K)=0

41, uaNTINUE
4JU LcramuL

1F(11.EQ.2) GO TO 430
C
C THIS CODING IS EXACTLY PARALLEL TO COOING STARTINi AFTER 410, BUT

HOT BY OISCIPLINL AND LEVEL SINCE CLASSRUOMS A-1E INTERLHANGEAULE
CALL NLSPIL(161.011SIWRHSINLREGIGASP)
II:16400.110.J) GO TO 419
UO 421 M=1,15
UO 421 L=1I15
KHCSL(M)=KHCSL(M)+GASPIL#M1
KHRSL(L)=KHRSZ(L)+GASP(L,M)

411 HRMS=NRMS+GASP(L.M)
419 U0 420 L=1215

wRHbLMILI31+RHSUM(L)+WMHSIL)
NLBLCILJ=NLBLD(L)+IELDILI
IOLUILI=0
IFIIRWSILI.GT.NLREQMI NLRE41(L)=4RHS(L)
JRHSW=0
ue 420 e=1115
wRHLUMIL,)=WRHLUM(L,M)+GASPIL,M/
uASP(L,M)=0

4ZU LONfiNu
43U LUNTINUE

C

C FABLES 401,402
1F(6400.E1.01 GO TO 300

C
C THE hEEKLY CLASS HGURS BY CLASS SILE BEFORE THE HJUR SILE FUNCTION

UR 'SPILLING UP' ARE CALLED 'BASE' IN THE TABLE
wRIfE(N6,916)N,KHCS/INRMS,KHRSL
wRITEAN6,9591 KKWRH

ILA) LCNIINOE
C

C THEW, THAT ENUS HOURLY LOUP, NOW TO PICK UP THE LOOSE ENDS AND MAKE
C UP THE REPORTS. THIS COULD PROBABLY HAVE BEEN JANE BY SUBROUTINE
C BUT THE PROGRAMMLR HAU A PINGPONG HATCH.

UO >G2 J=1,33
DO ..i02 K=1,3
UO SO2 L=1115
AWSH(J/KIII)=WRHSAVIK,LsA*ACSILI,AWSH(JIK,11)

sU.0 LUNTINUE
1FILI.C.21 CALL PEEPI( N0/15),NCAMPINYEAMINUTINRUA,NDATEOWSH121

1 ONAME)
LAC/. KCLEAP(NEWTOT,45)
WRI(EIN6,9131 NO1( I1,4),NCAMPOYEARINPROIII),NIfINRJN,NDATE,AFT
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00 500 J=1133
UO 501 K=1,3
UC ,C1 1=1115

501. NEVa01(KIL1 =NenTOT(K7I)+WRHSAV(K,L.J)
LALL P EPZ(J.WAHSAV(1.1.0).A05,11.1,0NAME)

5J0 LOMINUE
LALL PLEP2(3401EWTOT,ACS,11.0.0NAME)
IF(11.Eq.2) GU TO 520
hRITL(N5t17)N01(11),NCAMPINYEAR,NRLUM(11),N1TeNAUN,NOATE
rifiliE(N6010)0NAME(1.34).DNAME(2,34),NZERO.NLULO
WRIEE(NU.919) NOI(I1),NCAMP,NYEAR,NITORUNgAOATE,NROOM(II1
LALL FOU:AR(OATA.3)
LALL.KKaER(NUATA,3)
NLA5FT=0
UU 5IC L=1,15
X=0.
Y=0.
G=0.
NN=0
FINSH=0.

1F(NLREQ(L).E(1.01 GO TO 512
NOATA(1)-NCATA(1)+NLREO(L)
1TEMP=NLiA.0(LI*NLFNS(L)
NN=1TEMP4NSTA(L)
NSTA(L)=NN
ITEMP=IfEMP*FFPSNL(L)
WriA5F(111)=NWASF(11)+ITEMP
NLAJFILI=NIASF(L)+ITEMP
NLAFT=NLASF:.+NLASF(L)
i-PS=NLASHL)/FLOAT(NN)
NOATA(2)=NCATA(2)+NN
Y=WrOSUM(L)
Y=Y/AIREQ(L)
U0 511 P=1,15

5L1 X=X+ACS(M)*WRHZUM(L,M)
1F(X.GT. .00001) FPW:H=NLASF(L)/X
UATA(3)= OATA(31 +X
X=X/NN
IF(Y.GT. .0001) Z=X/Y
Li() TO 513

51Z 1F(dRhSUM(L).EQ.0) GO TO 510
5,. 0.(11E(N6,9201 LINLREQ(L)INNIWRHSUM(L),YrZ.X1FPSoFPWSH

NOATA(3)=NCATA(3)+WRHSUM(L)
510 CONTINUE

X=NOATA(1)
OATA(1)=NUATA(3)/X
UATA(3)=OATA(3)/NOATA(2)
UATA12)=OATA(3)/OATA(1)
f-PS=FLOA11NLASrT)/NOATA(2)
FPh4H=FPVCATA(3)
INASF(1.1)=NLASFT
M111E(N(1021) NOATAIOATA.FPS,FPWSH
LO TO 200

5e..0 kRINAN61917)N01(11)INCAMPOWEAROhliUM111).41T.NRUNINOATE
wAITE(N5,922) NZERO,NZERO
U0 521 4=103
00 521 K=1,3
wR1TE(N6,910)0NAME(110),UNAME(2.0).Kr(L(2L0L(L,J84).L1=1,15)
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hRITEIN6,919/NOIIII)INCAMP,NYEARNITINRUN,NJATtpNRUJM(II)
CALL KCLEAP(NNHOL0145)
LALL KCLEAR(MRE..3,45)
.ALL KCLEAR(NCN2N,45)
..ALL KKCLER(LREQ145)
iii J3C J=1,33
UO 530 K=1,3
NFT=C
CALL FCLEARIOATA,3)
CALL KKCLER(NCATA13)
UU 531 L=1,15
Y=0. .

XEO.
L=C.
NN=U
fPS=0.
FPWSH=0.
IF(LRECIL(L,J,K).EO.0) GO TO 533
NOATA(1)=NCATA(1)+LREQL(L,J,K)
ITEAP-z.L3LLA(L,J,K)*LFNS(L,J1K)
NN= ITENP + NS1AL(L,J,K1
NSTAL(L,J,K)=NN
1TtIMP=ITEMPO4PSL(L,J,K)
NWASF(2,J)=NWASF(21J)+ITEMP
CASF(LIJ,K)=LASFIL,J,K1+ITEIP.
INAF(2,J)=INASF(2,J)+LASF(LsJ,K)
LRE4(1C11.)=LKEUIK,L I+LASF(L,J,K)
NFT=KFT+LASi(L,J,K)
NOATA(2)=NOATA(2)+NN
Y=NLIPH(JIK,L)
Y=Y/LNECIAL,J,K)
00 532 M=1,L

53C A=X+MWRH(L,M,J,K)*ACSIM/
UATA(3)=0ATA(3)+X
X=X/NN
NNHJLO(K,L)=NNHOLO(K,L)+NN
HRE4(K,L)=MREQ(KIL)+LRECIL(L,J,K)
FPS=LASFIL,J,K)/FLOAT(NN)
1F(A.GT. .0001) FPWSH=FP5/X
IFIY.BI.0./ GO TO 533
L=X/V

533 NONAM(K,L)=NONAH(K,L)+NEWRH(J,K,L)
NOATA(3)=NCATA(3)+NEWRH(J,K,L)
1F(LREQL(1-,J,K).NE0.0R.NFWRHIJ,KILINE.0/

IWRITE(N6,92J)ONAME(1,J),ONAML(211J1gKeL,
LREQL(LiJiK),NN,NEWRH(Joi,L),Y,Z,X,FPS,FWASH

531 CONTINUE
A=NJATA(1)
IFINDATA(1).EQ.0) GO TO 53J
UATA(1)=NjATA(31/X
UATAI3)=0ATAI3)/NDATA(2)
UATA(2)=0.
FPS=FLOAT(NFT)/NOATA(2)
FPWJH=0.1
IF(JATA(3).GT. .0001) FPWSH=FPS/OATAI33
IFIUATA(1).EQ.1./ GO TO 534
JATA(2)=DATA(3)/DATAI1l

534 WkITE(N6,924)0NAME(1,J)',DNAMEI2,A,K,N0ATApjATAIFPS,FIN511
5i0 LUNFINUE
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U0 540 K=1,33
54U nAITE(N5t925)K,INASFII.K),INASFI2IK/pNWASF(1.K1.MAASF(21K)

wRITE(N01919)N01( 11),NCAMP,NYEAR.NIT,NAONINJAILINi4r1M(11;
Ut) .50 K=1,3
GALL FCLEAR(OATA,3)
LAI.L KALLER(NGATA,3)
NFT=0
00 551 L=1,15
IF(MREO(K/1).EC.0) GO TO 551
NFT=NET+LREQ(K,L)
kOATA(1)=NCATA(1) 4MREWKrL)
NOATA(2)=NEATA(2)+NNHOLO(KIL)
NOATA(3)=NCATA(3)+NONRH(K,L)
Y=NUNAHLKILI
Y=Y/PREC(K.L)
A=NONAHLK,L14ACSIL)
UATA(3)=UATA(3).X
A=X/NNHOLO(KIL)
FPS=FLOAT(LKEO(K,L))/NNHOLD(K,L)

1F(A.0T. .0001) FPWSH=FPS/X
i1(i.EQ.0.) GO TO 552
L=X./Y

55G WRITE(N6.926)KgLIMREQ( K,L).NNHOLOIX.L),NONRd(K,L).Y.L.X.FPS,FPWSH
551 LONTINUE

A=NOATA(i)
IF(X.E(.1.0) GO TO 550
UATAI1)=NOATA(3)/X
UATA(3)=CATA(31 /NDATA(2)
JATA(2)=0.
FPW5H=0.
f-PS-.FLOAT(NFT)/NDATA(2)
IT(OATA(3).GT. .0001) FPWSH=FPS/OATA(3)
IF(UATA(I).GT. .0001) OATA(2)=OATA13)/DATA(1)

55U RITE(N6,927)K.MOATA.OATA.FPSyFPWSH
200 CONTINUE
10U CONTINUE
900 FORdAT(219011)
901 hORMAT(//' iG=1,19.1 IX=1.19)
90G FORMAT(4A4,12.I4)
9J. HJAMAT(I5F4.0)
904 1-0AMAT(1513)
905 PORMAT(T67.12,II.T1t15F4.3)
90G 1-ORHAT(F10.0)
907 FOMATII0F7.6)
900 l'OR1AT(1711127Tit15F4.3)
909 FLIRMATtl2X,3112)
910 FORMAT (1514)
9// FUJATI12.T09.212.T13,31121
9/2 FORiAT(T69/212,T1.15I4)
91i FOKMATPIFAM TABLE 2',A2,' FOR ',A4.' IN YEAR '1,140s',

1,...30LAB WEEKLY ROOM HOOAS 0Y DISCIPLINE'' /' IlL1',ATION't121't RUN It
GA4,', ',2A4,t1X'FOR EACH CLASS SIZE ANU COURSE LEVEL' //
SuMTNES WEEKLY ROOM HOUR TOTALS AAE THE RESULT OF A GAUSSIAN1/
4uX1RANUOMIZATION OF THE CLASS SIZE UISTRI00(ION',2A3.' OISTRIBUTIN
5G'/QX'CLASSS Ti HOURS ANt) THEN 10 RUCMS 10 0511'//
uG7X'WEEKLY RCUM HOURS IN EACH COURSE LEVEL'Y'OUISGIPLINE CLASS SI
14.(:1,7)011,10A121,10X13°0X1TOTALW)

9/4 1-0120AT:11FAM TABLE 4'142,/20X'WEEKLY AdM HOURS LEACH HOUR' /27X



65

i'FOK CLASS ',A4,'S'//2X'HOUR.112X. I 2 3 4 5
IS 7 a 9 10 11 12 13 14 15 TOTAL

3 ')

91:t FORMAT(IHOt'EGAD.1 SPUN OUT OF LOOP 412')
910 FORMATt1HOt/383XICLASS SZZE:1,16101/7WRCO1 SI1E:ItIX11516)
911 FORHAT('IFAM TABLE 5',A20 FOR '1A40 IN YEAk

1' NEWLY COMPLETED CLASSitAitt'S'/' ITERATLEN'll4v1 40N ',44,', ',

12A4//13X'SIi.E: 1 2 3',
4 5 6 7 8 9 10 LI 12 13

3 14 151/1X'CISOLPLINE LEVEL'/)
9L FOR11AT(3X2A4,4Xilt2X1516)
911 FORMATI'lFAM TABLE 3',A21' FOR ',A4,' IN YEAR ',14,': WEEKLY ROOM

1 RCUti HOURS AND UTILIZATION RATES' /' ITERATION 1,1211 RUNitA4,
G't 112A4,7XIIN CLASS'tAitt'S'///1X1THESE hUM3ERS OF AELKLY ROOM HOU
3KS ARE AGCREGATIONS OF'/9XITHE FINAL NUMBERj IN ALL HOURS IN EACH
KUOri SIZE1/9XIWITH ALL OTHER DATA CORRESPUNDIN(,LY A.;GREGATED./i/
520)ORCOM NJ. TOTAL TOTAL WRH PER UNWTO WSH PER ASF PE
oK ASF PER' /' DISCIPLINE LEVEL SIZE RCOAS STATIONS WRH
GUOM STN OCC STATION STATION WSH'/)

9cO FOR4AT(7X'AEL ALL'1217,18,191F8.1,F9.3,3Fg.2)
921 FORMAT(7X'ALL ALL ALL'1161144'117,44",1,3,1**,F7.It'*.,FB.3,'*It

13(F8.2.'4"))
92G FORMAT(212)
923 FOR1ATI3X2A4,14t2(7,18,19,F0.11F9.313F9.2.3
924 FORHAT(3X2A411414X0ALL11160*,t1704":(81141$F7.10*',F8.304",

13(F3.2,'*')/)
925 FORMAT(12,4110)
9G0 FORMAT(7X'ALL1,15,217/18,191F8.11F9.3.3F9.2)
92/ FORMAT(7XIALL'IL5t4XIALL't161'4'.1701"11dst"tF/.1t'sitF8.30"1

13(Fd.2,14')/)
92d FORMAT(T702120113F10.2)
q19 FORMAT (20A4)
999 FORMAI(7WBASE't7X115/6)

END
SLEIRCLTINE HRSZFN(KKWRHIACSIJWRH, KWRhO,IX,LY,FX)
1NTLGER*2 KKWRH(15)1JWRH(3t15,331, KtIRHD(33,3,15)
DIMcNSION ACS(L5)

C

C THE FULLOWING LOOP THROUGH STATEMENT NUMBER 12 HAS ThE SOLE PURPOSE
OF ADJUSTING THE NUMBER AND SIZE OF WLEKLY ROJM HOURS UNDER

C ThE INFLUENCE OF THE CLASS SIZE FUNCTION. WEEKLY STUOENT HOURS
C BY HOUR, DISCIPLINE AND LEVEL ARE KEPT APPROXIMATELY CONSTANT.

TO DO THIS THE FOLLOWING STEPS ARE P:RFORMED4
C 1. THE CLASS SIZE FUNCTION(FX) IS FOUND. 1(1 MAIN ROUTINE)

2. FUR EACH CLASS SIZE A NEW ACTUAL CLASS SIZE IS FOUND BY
MULTIPLYING THE ULD NOMINAL CLASS SILL 3Y FX.

C 3. THE STUDENT POPULATION IN THAT HOUR AND 11MINAL CLASS
C SIZE IS REDISTRIBUTED TO THE TWO CLASS SIZES(OF THE RANGES
C AVAILABLE) ON EITHER SIDE OF ThE ACTUtL CLASS SIZE THAT
C HAS BEEN FOUND. THIS IS DONE IN SUCH A PlAY AS TO TRY TO
C KEEP THAT ACTUAL CLASS SIZE ANJ TJ KEEP IHE STUDENT

POPULATION APPROXIMATELY CCNSTANT.
C 4. THE NEW NUMBER OF WEEKLY ROOM HOURS by NUR AND CLASS
C SIZE MAY UL BIGGER L) SMALLER THAN THE ULD NUMBER. IN
C EITHER CASE THE NEW WEEKLY RUM HOURS AAL: OISTRIBUTED
C (PROPORTIONALLY TO THE OLD)ALROSS DISCIPLINE AND LEVEL.
C 5. IN GENERAL IT SHOULD dE POINTED OUT THAT THE NUMBER OF
C SPECIFIC CLASS SIZES LIMITS THE QUALIFY OV THE ROUTINE.



utFi=0.
ut] 12 L1,15
LL=16L
IF (KKhRH(LL) .EQ. 01 GO ro 12
IF (ABS 1FX-1.1 .LT. .01) GO TO 512
tF 1FX .GT. 1.) GO TO 612
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C
C THIS IS WHEN CLASS SIZE WILL DECREASE
C LLL WILL POINT TO HIGHER OF 2 NEW CLASS SIZES
C KK.dRH 1S NUMBER OF ROOM HOURS ORIGINALLY ASSIGNED by SIZE

LLL=LL
U0 TO 1103

C
C uUMP OU1-iNUNTIL CORRECT PAlk OF CL .S SIZES IS FOUND
Ilul IF (FX .GE. ALS(LLL-1)/ACSILLI) GO TO 1102

LLL=LLLI
Ilui IF ILLL .NE. 1) GO TO 1101

C
C IF WE ARE AT BOTTCM OF LIST ASSIGN EVERYONE TO RIGHT NUMBER OF
C sMALLEsT CLASSES

NA=IKKWRH(LL)*ACS(LL) )/ACSII1+.5
NB:0
LLL=2
GO TO 1106

C
C FROM 1102 TO JUST BEFORE 512 IS ROUTINE TO FIND ACTUAL NUMBER OF
C LLASSEs GF TWO APPROPRIATE SIZES HAVING PINPUINTED THOSE SIZES ULLA
1102 A3=FX*ACS(LL)

P=AOS(LL)4,KKWRH(LL)+DIFF
IF 11- .GT. 0.) GO TO 1115
01Fi-=P
GO TC 11
YY=P4(A3ACS( LLL-1))/(A3*IALS(LLL)ACS(LLL-111)
NB=YY+.5
NA=(PA3*YY)/A3a.5

C
C HAVING FOUND THE NUMBERS OF CLASSES IN EACH CLASS SIZE WE TRY TO SEE
C IF THE LOWER CAN BE CHANGED TO A BETTER FIT (BECAUSE OF INTEGER
C 1WMuER PROBLEMS )

NCUM=NA4ACSILLL-11+NB*ACSILLLI+(NA+NB)4A3
XX=I2.*PNOOM)/(2.*ACS(LLL-1))
NA=NA + XX + 5
IF (NA .LT. 0) NA =G
U0 TO i:06

C

C X IS ICC SlALL TO BOTHER TO CHANGE
512 00 51i K=1,3

00 513 J=1/33
JWRH(K,16L,J)=AWRHO(J,K,L)

5/3 KWRHO:JIKeL)=0
GO IC 12

C

C THIS IS WHEN CLASS SIZE IS TO INCREASE
612 LLI.L.L+1

GO TO 1105
C

C SUMP UP UNTIL CORRECT PAIR OF CLASS SIZES IS FOUNO
11u4 IF 1FX .LE. ACS(LLL)/ACS(LL)) GO 10 1102

LLL=LLL+1
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IF AE ARE AT TOP OF LIST ASSIGN EVERYGNE TO RIWiT NUABER OF LARGEST
GLASSES

11J5 iF (ELL .NE. 16) GO TO 1104
NA=IKKWRH(LL)*ALS(LL) )/ACSIL5)J-.5
NE1=0

C

C THis Is NODE WHICH SUbROUTINE MUST GO THROUGH
C IF GLAsSES TO BE ASSIGNLD, CLASS SIZE PAIR IS FOUND ANJ NUMBER nF
C writ IN EACH HAS BEEN CALCULATED
C ADOm ANU RIFF CALCULATION IS TO KEEP RUNNING TOTAL OF ROUNDING ERROR
C OF wSH AND ADJUST FOR IT IN NEXT LOWEST ROOM SILL
11Uo AULM=NA*ACS(LLL-1)

1F(N6 .NE. 0) ADuM=ADUN+NB*ACSILLL)
DIFe=ACS(LL)*KAWRH(LL)+DUF-ADUM
IF INA+NB .E). 0) GU TO 11

C XX WILL BE THE DISTANCE BETWEEN ORIGINAL WRH THAT WILL BE CHOSEN
C ILiR THE TOTAL OF THE TWO CLASSES.
C fY WILL BE THE DISTANCE BETWEEN
C THL CHOSEN wAH THAT WILL BE CHOSEN FUR THE HIGHER OF THE TWO
C LLAsSEs. IT MUST LIE 1 OR GREATER.
C IF HB=J THAT MEANS ALL with ASE TU bE ASSIGNED TO LOWER CLASS SIZE.
C PLANTL IS POINTER TO THE NEXT ORDINAL WRH TU BE CHOSEN.
C PDINTH IS POINTER TO THE NEXT ORDINAL CHOSEN WRH TO aE USED AT
C HIGHER CLASS SIZE

YY=NA+Nd
PULNTH=0.
AX=KKWRh(LL)/YY
IF(N6 .EQ. 0) GO TO 1107
YY=YY/NB

C RANDOM NUMBER CALLS ARE USED TO MAKE STARTING WITH FIRST WRH A
C RANDOM EVENT

GALL RANDO(IX,IY.DUMM)
IX=IY
POINIH=DUMN*YY+.5

1101 GALL RANOU(IXTIY,OUMM)
1X=IY
PUINTL=OUMM*XX+.5

C NTUIE ANO NTOTE2 ARE RUNNING TOTALS OF ORIGINAL WRH AND CHOSEN WRH
C SO 1-1 CCNSIUEREO.
11Iu NTOTE=0

NTCTE2-0
C NPr AND NPI2 ARE INTEGER RGuNDED VALUES OF PUINTL AND POINTH
C FUR COMPARISON WITH APPROPRIATE NTOTES.

NPT=PCINTL+.5
NPT2=POINTH+.5
GU 1108 J =1,33
DO 110E K=1,3
IF (KwRHU(J,KIL ) .EQ. 0) GO TU 1108
NTOTE=NTUTE+KWRHD(J,K,L
KWRHO(.1,1K,L)=0

1114 11: INPT .GT. NTOTE) GO TO 1108
IF (NB .Ek.). 0) GO TO 1112
NrOTE2=NTOTE2+1
IF (NPTZ .Gr. NTOTEZ) GO TO 1112
14=-
PCII,II'=POTNTH+YY
NP14=POINTHf.5
ue TC 1113

1112 E4=LLL-1
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ilLs PCINTL=POINTLXX
NPT=FOINTL+.5
JWRN(KIL4,,J)=JWRH(K,14,J)+1
00 IC 111:9

110d CONTINUE
GO fC 12

11 00 10 J=1,33
00 10 K=1,3

10 KWRHO(Jtli,L)=0
12 CONTINUE

RE TORN
ENO
sUEAOUT1NE KCLEAR(KIN)
ANTEGER*2 K(I)
00 1 LIsN

1 K(L)=0
RETURN
ENO
SUBROUTINE RANDU(1X11`,IYFL)
SEE SCIETIFIC SUBROUTINE PACKAGE FLAT DISTRIOOTION RANDOM NUMBERS
AY=1X465539
LI(AY) 5,696

ti 1Y=11+2147483647+1
o YFL=1Y
YFL=YFL*.4b56613E-9
RETURN
END
SIBACUTINE GAUSS(IXtStAM,V)
SEE SCIENTIFIC SUBROUTINE PACKAGE NORMAL DISTRIBUTION RANDOM NUMBERS

A=0.
00 sO 1=1112
CALL RANOU(IX,1Y,Y)
1X=IY

50 A=A+Y
V=(A-6.),S+AM
RETURN
ENO
sU3ACUT1NE NLSPILLIBLOpSS,NR4NLNA,MWRH)

THIS SUBROUTINE ASSIGNS CLASSES TO CLASSROOMS. IT STARTS HUH THE
LARGEST CLASSES. WHEN THERE ARE NOT ENOUGH RUJMS THAN A LARGER

Acem IS SOUGHT. IF 'MERE AIL NUT ENOUGH LARGER ROMS THAN A ROOM
IS BUILT.

NR IS The NUMdER OF CLASSROOMS NEEDED OF A GIVEN SILE
NLNA IS THE NUMBER OF AVAILABLE AUEMS CF A .,;IVLIN TILE
13LO IS THE NUMBER OF ROOMS TJ BE BUILT OF A GIVEN SIZE
IAEA IS THE NUMBER OF EXCESS ROOMS OF A GIVEN SUE
MWRH IS AN ARRAY OF CLASS SIZE BY ROOM SIZE SINCE CLASSES SAY BE

ASSIGNEO A ROOM SILE NILO LARGER THAN THE ACTUAL CLASS eafoRE
ENTRY INTO THIS ROUTINE (THROUGH 0S2).

K IS THE ROOM SIZE
11\14:GER SS
INTEGER*2 IBLO(1).NILFX(15),NR(15),NLNRI1).MWRH(15,I5)
CALL KCLEAR (NLLX,15)
K=SS

F1RsT FOR EACH SIZE FIND THE EXCESS JK SHORTAGE OF ROOMS
1FINR(K) .GT. NLNA(K)) IBLD(K)=NR(K)NLNRIK)
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IF (NLNR(K) .GT. NMK)/ NLEXIK1 = NLNR(K) NA(K)
LU K=1(-1

IF LK .EQ. 0) RETURN
C OITIO

IhIAR(K) .GT. NLNR(K)) IBLO(K)=NR(K)NLNR(K)
IF (NLNR(K) .GT. NR(K)) NLEXIK) = NLNR(K) NR(K)
J=A+I

C
C IF THERE IS NO SHORTAGE TRY THE NEXT SMALLER SIZE

IF (IELO(K) .EQ. 0) GO TO 10
C

If ThERE IS A SHORTAGE SEE IF A LARGER ROOM IS AVAILABLE
40 IF (NLEXIJ) .GT, 0) GO TO 30

J=J+I
/F(J--SS) 40,40,10

C
/F A LARGER ROOM IS AVAILABLE AiSIGN it AND AOJUST ALL VARIAbLES

30 I6LU(K) 4 IOLO(K)I
NLEA(J)=NLEX(J) I
NR(J)=NR(J) + I.
NR(K) = NR(K)

C
hINU THE LARGEST CLASS SIZE IN THAT ROOM SIZE AND REASSIGN IT

C IOC IS THE CLASS SIZE
KK =K

7u IF ()+tIRH(KIKK) .E0. 0) GO TO 60
MWRH(J/KK)=MWRH(J/KK)+1
MWRH(K/KK)=MWRH(K,KK)-1
UO IC 50

u0 hiC=KK-1
IF(KK .NE. 0) GO TO 70

WRITE(6,100)
STOP

100 FORMAT(' IMPCSSIBLE ERROR')
RETURN
tN0
SUBROUTINE FCLEAR (A,N)
UIRtNSION All)
U0 I L=1.0

I A(L) =0.
RETURN
ENO
SUBROUTINE KKOLER(N.Z.)
UIV::NSION N(I)
U0 i K=IIL

I N(K) =0
RETURN
END
SUBROUTINE ERROR(NERRIN)
NERRNERR+1
WRITE (6,100) NINERR

LOU FOPAAT('UERROR NUMBER '.12,' FUR A TOTAL OF ',I4, ' ERRORS. PROGRA
IN WILL STOP APTI:R READING THIS GROUP OF INPJT CARDS.')
RETURN
ENO
SUBROUTINE PEEPI( NO,NCAMPINYCARINIT,NRUNINCATEIWSHOCIDNAME)
UIMLNSION OATA2(3),WSH(3313.2)10AfA(3),Nj(1),NOATL(2)
ulPtNSION SUBTOT(4,2),ONAME(1eJ4)
v46=6



70

WRITE(N6,119) NO(11INCAMPsNYEARINITORUNpNOATE
IF(MC.EG.21 WRITE (N6,1201
IF(MC.EC.2) GO TO 10
WRIft(N6,121)

1U WRI1E(N6p130)
L=C.
CALL FCLEAR(DATA2,3)
LALL FCLEAR(SUBTOT.81
UO G60 J=1,33
BALL FCLEAR(UATA/3)
X=0.
U0 L61 1=112
Y=0.
U0 2.62 K=103
OAIA(K)=CIATA(K1+WSHIJ0K01
SUBIOT(AgI)=SUBTUT(Kg1) +WSH(J,KtI)
5116107(4.1) =SUBTOT(4,1)+WSH(J,K,11

202 Y=Y+WSH(UrK/I)
1F(Y .NE. 0.) WRITE(N6,122)

10NAAE(1,JI,ONAME.(2,J1,11(WSH(J,KI)I$K=1,3I,1
261 X=X+Y

IF (X .NE. O.) WRITE(N6,123)DNAME(1,3),ONAME(21J)gOATAIX
4=b-X
UU L60 K=1g3
UATA2(K) = UATA2(K) +DATA(K)

26O CONTINUE
WRI1E(N6,124) SUBTOT,OATA2,Z
RETURN

ILL 1=0RMAT(3X2A4g 9X,11.17X,F9.1,3X1F9.1,3X,F9.1.5X,F9.1)
1LJ t-URAAT(3X1A4127X,F9.1,1*,2X,F9.1.1*1g2X,F9.10141,4X,F9.1,6.41/3
1L4 (-ORAATOggIALLeg12W181L3X13(4X,F9.1,1*.)f4X0F9.10"/

5WALL'Ir12X021/15X23(2X0-9.10"),4X,F9gi..*2/
L 5WALL°029X13(1X,F9.1,1"1)1,3X,F9.11144")

119 VORAAT(IIFAM TAdLE 11,A2,1 FUR '0440 IN YEAR 41,;4, WEEKL
LY STUDENT HOURS IN EACH DISCIPLINE' /' ITERATION11131.1 OF RUN ',
2A4,' CN ig2A4,5Xg'BY CLASS TYPES IN EACH COURSE LEVEL' /)

121 FORMATI/OXOTHESE's
3 'NOM8ERS OF WEEKLY STUDENT HUURS ARE THE AGGREGATED PROCUCTS OF'/
4oXIITHE PROJECTED ENROLLMENTS OF EACH STUDENT LEVEL AND liAJURi/OX
.5AND THE INDUCED COURSE LUAU MATRIX INCNLA8 LAJ WSH PER STUDENT'
odi/

14U /-ORMATI/6X,ITHESE ARE THL FINAL AGGREGATED NUMLIERi OF WEEKLY',
OSTODENT HCURS°/6XlibENERATED BY FAMSIX.I/I

liu i-OHAAT(//
0 DISCIPLINE CLASS TYPE COURSE LEVEL:
19XOTOTALI/)
LND

BROUTINE PEEP2(1,JWRH,ACS,II,KSWTCHIONAME)
UIK:NSION ACS(1),NOATA(4)RAVG(4)gbNAME12,34,
INTL:GER*2 JWRH(3,151
N5=2.
t+W6= 6
CALL FCLEAR(AVG,4)
LALL KKCLERINDATA14/
ao L L=1,15
H=0
00 1 K=1,3
(4=-M*JhRH(KIL)
NOAFAIKI=NCATA(K)+JWRH(K,L)

1°,11X0211,11X113',
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AVGIK1=AVG(K)+AC5(L)*JHRH;K,L)
Irtm .NE. 01 WRITE (N61100)
LuNAME(1,1),ONANEUtlisit(JWRH(K.L/tK=L13),M

I L.CNTINUE
NUATA(4)=NCATA(I)+NOATA(2)+NOATA(J)
IF (NOATA(4) .EQ. 0) RETURN
RIEE (N6t101) NDATA
LF(KStITCH.E0.1) WRITt(N5.103) IL, I I(NCATA(K)001,3)
AVG(4)=AVG(1) +AVG(Z)+AV(,(31
00 a K =1,4
IFINDATATK).EQ.0) NDATATIC)=1
AVO(K)=AVG(K)/NOATA(K)
4RI1ECNO,1021 AVG
KETURN

1JU FORMAT (3X2A'., 7X112t6X,I417XII4t1X1417)1,1i)
I1/411 f-ORAAT (15WTOTAL 1' RH1,4)(114/1*°,6X,I4,14.,6X,(141,6X,15,1*1)
LUZ FURMAT(15X,"1EAN SIZE',4X/F6.1,5X/F6.115X,F4.L15.4,Fo.1 /)
LU3 FORMATI212/5141

tND
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VARICOS - PROGRAM LISTING

C UMIONARi OF VARIABLE NAMES
C ALL THE WURC 'ALL
C Al IA SHARE Of WRH WORKLOAD
C AG SHARE OF WRH WORKLOAD DE NON-TA ACADEMIC STAFF
C BIGSUM TOTAL VARIABLE COSTS PER YEAR
C dL BOND LIFE
C bit BONI) INTEREST RATE
C duLKSM FACULTY COST SUBTOTALS, ALSO SPACE COST TOTALS
C ul WCH/FT FOR TA'S
C dG wCH/FTt FOR NON- TA ACADEMIC STAFF
C LAVLST YEARLY COSTS OF CAPITAL CCNSItUC1ID4 FROM YEAR (START 4)
C LAPeAC CAPITAL COsf FACTR: INUEX=I00
C LsTOST DISTRIJUTION OF CAPITAL EXPENDITURES JVER CUNSTRUCTON PERIOD
C SUPERVISION OF TA'S:ACAUEMIL STAFF/TA
C DNAHE DISCIPLINE NAMES
C JP.iwFT S/ASF: OVERALL AVERAGE
C LIZ FACULTY OVER-RIDE FACTO;': REGULAR FACULTY/STUDENT
C D4MNO S/ASF FOR MCO PLANT
C ENR ENROLLMENTS
C tPF EQUAL PAYMENT FACTOR
C FAL FTE FACULTY (TA,IRREG.,NUN-TENURLD,TENURED)=(1-4)
C FACUST SALARY COSTS
C HACK ACADEHIC STAFF LESS TA'S
C FACsAL AVERAGE FACULTY SALARIES BY 42ANKu
C INASF ASF INVLWORY:NON-LArirLABIRLSEARCHIJFFICEISUPPORTING
C INSUM YEARLY TOTALS: INVENTORY ASF
C Jig{ ICOP CA,NIROL FUR FINAL TAbLt PRINT-OUT
C ICAMP CAMPUS NAME
C NUATE CALENDAR DATE OF RUN
C NLLJS TEMPORARY VARIABLE: NUN-CLASS REQUIREMENTS
C Ntr ITERATION NUMBER (N-TH YEAR L. d.UN)
C NIWN AUM3ER OF RUN
C NJMYRS NUMBER OF YEARS FUR THIS RUN
C NYti.AR YEAR OF DATA DISPLAYED (INPUT Ai F(asr YEAR OF STUDY)
C NorAF NEW ASF :NON-LAB,LABIRLSEARCH,DFFICE,SUPPORTING
C NwsuM YEARLY TOTALS:NEwLY FINISHED ASF
C NX TEMPORARY VARIABLL:INVENTGRY UL )C. ASV TOTAL
C NY TEMPJKARY VARIAtiLL: NEW DISL(PLINt 4)F TOTAL
C JUPS OTHER LPRATINO COSTS YEARLY TOTAL (sALARIEs+SUPPORI )
C 01 OFFICL ASV/FACULTY
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C U2 OFFICE ASF/GRAD
C NLJe PLANT OPERATING COSTS: YEARLY TJTALS
C PRJLST PROJECT COST ESTIMATE
C RKJIST DISTRIBUTION OF NON/TA ACADtMIC STAFF TO "RANK"
C AKSUM FTE FALULTI SULTOTALS
C RS SUN OF DEFLATEL CONSTRUCTION COST. FACTORS ovLa PER

IOU O' CONSTRULTLUN
C RR CURRENT INFLATOR
C R. RESEARCH ASF/FACULTY
C AZ RESEARCH ASF/GRAO
C sINFL INFLATION FACTOR:CAP1TAL RATE LESS OPERATING RAT'E+1(EG 1.01)
C suPuST SUPPORT COSTS
C sUPRAT SUPPORT RATE: $/NONTA ACADEMIC STAFF
C Si SUPPORT ASF/RESEARCH ANU IUIAL
C s2 SUPPORT ASF/LAB TOTAL
C TA TEMPORARY VARIABLE: ETE IA'S
C WRH WEEKLY //COM HOURS
C X TEMPORARY VARIABLE: FACULTY TOTAL
C Y TEMPORARY VARIABLE: SUM OF FACULTY AND TA SALARY COSTS
C fY TEMPORARY VARIABLE:TOTAL FACULTY SUPPORT COSTS

iNraGER
INTL:GER WRI-1(2131331
INTaGER42 NARR(1414)
UlNeNSION ALL(2),A1(213133)/A2(2/J1331/BUCKSM(o),A1(213133),

102(2/3/33)1CAPCSTI141 ICAPFAC15133)/CSTUST(')/C4(2/33),
2uNAML(2133)/02(4133)/ENR( 4/33)/FACIJ)/FACLIST(5)1FACR(33),
StACSAL(4), INASF(5/33)/INSUM( 6)/NOATEI2)/NEEDSt3)/NWASF(5133),
4NWSUP( S)/OCVS( 10)101(2/33)/PLOP(10),PRJCSTIo)/02(2133)/
ikKOISI(3133)/RKSUM(5)/R1( 2/33)/R2(2:33),S0PRAT(J3)151(33)/S2(33).
oTA(2)
DATA ALL11)ALL(2)PALL 1/1 s/
iNt=5
IN2=1
lour =i5

LALL FCLEAR(CAPCST114)
CALL hCLEAR(1NASF,165)
REAulIN1OCJ/NCANP/NRUNINDATEINUMYRSINYEAR
JN=AUNYRSf4
kLAJI1N2/901) ONAME
00 10 K=1/33
REAJ(IN2/904)((A1(1/J/K1,J=1/3),I=1/2)
REAJ(IN2/904)((A2(I/J/K),J=1/3),I=1/21
REilu(IN2/9C4)((81((10,K)/J=113)/1=112)

10 REAo1IN21904)((d2(1,J,K)1J.113)11=1/2)
REAJ(IN21904) FACSAL
UO 11 K=1,33

11 REA011N21904) (C2(11K)11=-172),(02(J/K),J=1/4)
JU 12 K21133

12 RE1tLAIN2/904) SUPRAT(K)/(RKDIST(J/K),J=1/3)
C ti4o or INPUTS FOR FACULTY COMPUTATIONS

U0 20 K=1/33
40 REA0(IN21)05) R1(10001.1(22K),R2(leK)gR2(21KJIU1(1,K),01(2,K),

1 U2(1,K),02(200,51(K),S21K)
00 21 K:11,33

Zi KEW(IN2005) (CAPFAC(100,11,115)
REAO(IN2890U) K/11NASF(I/K).1=3/5)/NULHK,
1F(HCCHK.EQ.0) GO TO 22
REAJIIN2/907) SINFL/bRIUL
REAul1N21905) csrosr 104MNOO.P;OFT



LPF=bRot(1 +BR)**131.1/(((1 +BR)*vaL)-1.)
ItScU.
UG G3 N=1,4
LSTOST(5-N)=CSTOST(5N)/(SINFL**N)

L RS=RS+CSTOST(5-N1
C
C

C

NYEAR=NYEAR-1
ue, LUGO NIT =1,NUMYRS
NYEAR=NYEAR+1
KR=5INFL*4(NIT-1)
LALL NCLEAR(NinASFt165)
LALL NCLEAR(WRH,198)
LALL FCLEAR(ENR,132)

1U1 REAU(1N2,906) Kr(ENR(I,K)s1=114),NOCHK
IF(NOCHK.ii9.0) GO TO 101

111 REA11(1N/1902) 1,K
IF(I.EQ.0) GO TO 103
REAu(IN11903)
U0 10 101

10J CALL FCLEAR(FAC,132)
ALL FCLEAR(dUCKSM,o)
LALL FCLEAR(RKSUM15)
WRIfE(ICUT.950) NYEARINDATE,NRUNtNITtNCAMPINYEAR

UO 110 K=1,33
LALL FCLEAR(FACOST,51
FACR (K) =0.
SUPCST=0.
DO all 1=1,2
TA(1)=0.
DC 112 J=1,3
IF(WHH(1,JeK).EQ.0) GO TO 112
TA(1)=(A1(11J,K),WRK(11J,K)/131(1,J,K)) + TA(I)
t'ACA(K)=FACR(K)+1A2(1pJ,K)*WRHII,J,K1/02(1,JtKI)

114 CONTINUE
eAC(100=FAC(111()+TA(1)
FACR(K)=FACR(K)+(C2(1,K)*TA(I))
LUNT1NUE
DO 113 1=1,4

1/s FACR(K)=FAORIK)+(02(1,K)*ENR(I,K))
X=FAC(1,K)+FACR(K)
LFIA.U.0.1) GO TO 110
00 114 1=2,4

114 FAC(I,K)=FACRItWRKDIST(I-1,K)
PLSI=SUPRAT(K)*FACR(K)

U0 115 1=,4
FACUST(1)=FACSAL(1)*FAC(1,K)
bUCKSN(1)=dUCKSM(1)+FACOST(1)
RKSU4(1)=RKSUM(1)1FAC(1,K)

li) FACUST(5)=FACOST(5)+FACOST(I)
/Y=SLFCSI + FAcosrt5)
bUCKSM(6)=EUCKSM(6)+SUPCST
WRICE(IOUT,951)(ONANE(I,K),I=1,2),(FAC(IpK),1=11410(gFACOST,
1 5LPCSTIYY

Ilu LCNEINUE
U0 £20 . 1,4
bUCKSM(5)=DOCKSM(5)+BUCKSM(J)

12U RKSUM(514AKSUM(5)1-RKSUM(J)
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COP3(NIT).UCKSM(5)+OULKSM(6)
p.RTIL(IOUrf91)ALLIN,'..Mpt3UCKSH,OOPSINIT/

C G,it) UP FACuLTY CCHPUTATIONS START .PACE CALCULATIONS
00 L30 K=.11:33

1.j KLALI1h10101 epINASF(10{),INASF(2pK)INWASF(1,1(AtAriASF(21A)
6ALL f-CLcAK(oUCKSMIG)
CALL NCLe.ARIENSUM,60
LAU hCLEAR(NNSQM76)
4RIILIICUT13:J0INYLAR,NCATEeNRUNINIT,NCAMPoNYEAR

C
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JO COd 14-31,33
NX=U
NY=U
.ALL FCLEARIPAjCSTr61
CALL NOLEARINEEDS13)

T0210
NtEuS(11 =.11(18K)srACR(1044t1(2,K)4+ACIIIK1 +It2(134) *ENR(3,K)
144i2t2,KI*ENRI40,/
NEEOSI2)=01(1,K) *1-'ACkIKI+01t2,K)*FACII,frA+02(1.004gENRI300
itU2(21K)4'ENR14,K)
140:0S(3)=5ICKI*INELDS(1)+NEEDS(2))+S2IK.*INASF(200
UC 210 1=1'3
LF(NEEJS(I).LT.INASF(1+2pK)) GO TO 210
NWAF(1.2,K)=NEEUS(1)INASF(1+ZiA)
INASF(14.2tKI=NCEOS(1)

21U CONTINUE
U0 ZIA 1=10
PR.k.ST1()=N4ASF(1,K)*CAPFAC(ItK)4RR*OPSOFT*AS
ViAJLST(61 MAJCST(6)+PRJCST(1)
AI.X.:41NASF(IpX)
Ny=Ny+NhASF(1,K)
NWSJM(1)=Ni6UM(1)+NOASF(I/K)
IN.SUMill=INSUM(11 +INASF(I,K)

G11 uCCetSM(I)=11UCKSM(I)+PRJCSTII/
IFINA.EQ.CI GO TO 200
WRI'LLIOUT061/ (UNAME(IgK)lf=1,21,

A (INASF(IIK)11=1.5),NAt(NWASMIK).1=1,5),NY,
IPRJCST

2uU LON:INUE
U0 23G J=1,5
;4WSUP(6)=NIISUM(6)+NWSUMIJ/
INSUM(61=INSUM(5)+INSUMW1

23U nUCKSV(6)=BLIGKSM(o) +dUCKSH(J)
CO 420 11=1,4
XX=01.1KSA(4)*EPF4CSTOST(/1)/RS
104=;4IT+II-1
JO .L20 IztiGeJti
6APLSE(I)=CAPCST(1)+XX

22J CONIINLii:
dri1 11AIOUT,961)ALLIINSUM,NWSUMIbUCASM
PLCP(N11)=INSUM(6)*04MNO*PR
""'INUE
J=NYEAR-3AUMYRi
WRITEALOOT1970)NOATEtNRUNtNUMYRS
JO 1001 1=1,4
CALL. CCNTR(NAPA(181)111,CAPCST(1)1
niiiCE(IJUT,91.).JI(r1AkRilg1),L=1,14),(NARRIL.1),L=111.4)

10J1 J=J+1
LA 1002 lul,rUMYRS



76

bI6Mr-c3PS(I)4.PLOP(I)+CAPC:,T(Is4)
BALL CC1'IdAINAkR(1,11,117LOPS(I))
,ALL LCNV:;(NARR(I,Z),IIIPLUd(1))
BALL LCNv,1(:iiR(1,.))911.CAPCSI(1+41)
,ALL. CUNVRINARR(114/911;BIGSUM)
fiR1iE(LOUTI;l1) J,NARK

IUUL J=II
VuJ i-LSAtTI4A41(2.,141
(vul. ICF(,1A1(2JA41

FLRMAT(2I2)
903 FCRMA1(314)
9U FCPMAT(6F10.0)
9J hGRA:A(1C118.3)
9uo 1-CRMAT(1-4,I2ITI,4F5.0,I2)
90/ ICRrIAT(2F5.0*I2)
uu 4-CkAAT(12,3110,12)
91J FOKAT(1214(10)
95U FORMAT('UVARICOS TABLE: A-',I4,48A,CATE: ',2A4/' RUN NUMBER: ',A's,

147XfURAIldN NUMBER: 1912//17MFACULTY: REdUIRE1ENT3 ANO COSTS FO
ZK ',A4,' IN ',I4/)

951 tCRmAt(1)(r2A1,3X1RANK:',12X111.19)(121,920.0,9)(11/0.4X'SUBTOTAL0,6X
1'ICIALS1/12,OFTEIOX,4F10.2912X,F12.2/12A'S4LAkI:=S4,4F10.01F12.U/
412)0SUPPORTI,41X,2F12.0/)

9u0 1-0PAAWIVARICOS TABLE: (3-1,14,48P0ATE: 1.2Aiat RUN NUMBER: 1,A47
147P ITERATION NUO;IER' 1,121//16X'SPACE: REQUIRE:4E11i ANU COSTS FOR

',A4,' IN '1(4/)
9u1 FOPMAIWIX2A4,17X,'LLASSRMS CLASSLAB RESEARCH OFFICE SUPPOH

TOTAII/11Xf'INVENTORY'IJA16110/11:0NEW ASF1,5X,oI10/11X,PROJ
GE.CT COSTS" ;6: 10.0)

971 1.-JRMAT(11AA'ICUS TABLE: C1,5JX1OATE: 't2A4/' RUN NOBER: ,,A4fq9X
l'YtARS trOs RUN: ',12//30XISUNOARY Of- VARIABLE CUiTi'//9X''IEAR,,'sX
L'SALARIES/SOPPORTI,WW-O-PLANI',5X'UtHT S;z1VICE. ', ')X' TOTAL' /)

9(1 FORIATI)X11413(ZXp1-eA11,5X,14A1)
91Z FORMAT:9A,1473ilAt14A1,5X,14A1)

tN0
SUCRCUTINE FCLEAR(Af14)
UIM.:NSICN A(I)
UC ICO 1 =1 ,N

IOU A(I)=0.
RETURN
tNU
SUCmCLTINE NCLEAR(M,N)
U1MtNSICN M(I)
JO L40 1=11N

IUJ M(I)z0
RETURN
tNU
SUBACUTINE CCNVIIN>KRINDIG,KVALI

NARR IS INTEGER*2. ARRAY RETURNED AS (NOIG1iNU1u-1)/3) CHARACTERS
CF RESULT READING LEFT 14) kIuHT IN AJOcNOLNG J00:3CRIPTs.

NUIG [S THE LARGEST NUMBER OF DIGITS (INCLUOIN., MINUS SIGN) 'THAT
C MUST CE ASSUME& FOR NVAL. NUIG MUST CE L < NULL < 12.

KVAL OR FVAL ARE THE NUMBER TO dE TRANSLATEO. THEY COME IN
THROUGH OIFFERCNT ENTRY POINTS

C NVAL IS THE VALUL IC BE TRANSLATED, CHANGED FROM LATHER KVAL
C CA FVAL

NJIGI KVAL, FVAL, ARE NOT ALTERED dY SUdROUTIN.
ZLI4U RIJUKNS AS BLANK.
CVEHFLOW (EITHER POSITIVE LW,,NEGATIVL) HETUANS AS ' IN THE
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;
C RIGHPIUST POSITION.

4 MINUS SIGN IS RIGHT ADJUSTED TO NUM6LA.
tr,JI(D1 CHECKING IS DONE.

INfctLikll JUNK(1-i),NA)R111
UIPLIOACA NTEST(11)
DATA jUN4 P0',11'1'2'031104'051.1b.,'7.03.:'/10-its 'tIrIt
#1/

0ATA NTEST /10.10011000.10000,100000,1000U00t10000OkA/100000000r
ItEuut;C:.;000,2141483Glirit2147403647/
NVAL=KVAL

f NENO=NIMG+(NCIG-1)/3
'C=JUNK(12)
IF (NVAL .LT. 0) K= JUNKILI)
N=1
L=I
M=3
NENU2-N:N3+1
UC i. j=1,NtND
NAPAIJ)rJUN4(12I
iF(NVAL .GE. NTEST(UIG)) GU TO 6
IF INVAL -NTESTINCIG-1)) GO TO 6
LAVAL -/AJS(NVAL)

4 OC . J=1.04
JOKE=NVAL IN
IF IJOKE .LE. 01 GO TO 4
N=N410
AUSE=INVAL /N1*10
JO:q:=JUKt-KOKE

3 NAPR(NENJZ-J)=JUNK(JOKE+1)
1E (M NEND) GO TO 5
L=M+2

",1,4e-

IF IM .GT. NENCI M=NEND
NARri,(NENU2-L+1)=K
1F(NCKE .EQ. 0) GO TO 5
NAPAINEN02-1+11 = JUNK(I31
uC rG 2

4 NAPR(NEN02-.1)=K
2 AEWRN
b NAPRINENO)=JUNK(14)

fU 5
tNTKY CLINVAINAPR,MDIG,FVALI
i4VAL=EVAL+SIGN(.5tFVAL)
uU IL 7
tND


